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Hot Wire Cutter SSSSSSSSSSSSSSSSSSSSSSSSSSSSSHSSSHSSSSSS SSE SESE SSEESESEEEOEEEE 12 
Colin Meikle has come up with a temperature controlled cutter to tackle 


intricate carving of plastics. . 


Electronic Picture SSSCSCSSSCSSSSHSSSSSSSSSSSSSSSSSSSHSSSSSTCE SSH SESH SHORE OSE OREEOS 18 
Whether it is for visual amusement or as part of a bigger message display 
system this project should enlighten you to the simple usage of EPROMs. 


Colin Meikle reports. 


AutoMate Mixer Seeelgabiosnedkeuscdaduieinidedsniieietigsidedediciweiteeee 
This month Mike Meechan looks at ‘Pots and Pans’ and their 


connection with routing. 


Continuity Tester wasn cance els gu inbebasacsakdvieianadisicaiaabecaiadutein eabbeuecemnen 
Continuing with our ‘test-gear’ series, Robert Penfold builds a continuity 


tester using our cover PCB. 


Sega Box i wubaeacwas ¥n6bes hadddabededeSoucnccedesaccodwavanedeixecducvacedsvcceaewel 7D 
Keep your kids happy and save your fingers from plug pulling with this handy 
little box. A quick project from David Silvester. 


Transistor Amplifier SOSSHSSHHSSSSSSSS HSH HSSHESEHHSHHSSOHESCO RSH E ETHER OCHO ROO e 38 
Back to the good old days of transistor amplifier design with this contribution 


from L Boullart. 


Home Minder iaeieadeciela rane manclateusasietiiveimmedintseiddiaknuctiscuua t 
You could put your mind at rest and the burglar on guard by using this ‘magic 
box’. It switches on various lights and appliances throughout the house at 


variouus times. Bob Noyes provides the details. 


ontents 


Regulars 


Open Channel .........csssssssssssssecsrscsssessease aispbe nea vasubasuixencasuseztassabe siesinevietoncs 
INOW ssssinss cnisas saasnicince vionzseavecnnseansannsana eed sseutcivetenenecuceueesntscince Sabah iessceitadetcasesenscened 
News Stateside ...........ssccssssseses asus Weta uRs4 SLT bavncaavacascauenniguapes seseesnineasshiseeawncsats 
Read/Write ........cssccesssesesses eAuaa coos phys odd vad pus eeunaidousnsdaspeaksadvasbaudcanseassbavavouase .16 
PCB Service....... scais panna dog teva eh sponta sanvsanacsauneance sitea iauaesaeiansetivcxanntansee sesseeee OO 
PCB Foils.......... sd eaea babs sesuusnteaebcstencenpaansecais, Saba UScb TDA SUT cecevscnssiceaiy deiapeuaseena OL. 


tis that time of year again when we issue 

our Reader Survey. We like to know your 
comments regarding the magazine in order 
to steer it in the direction you want it to go. 
So please fill in the pages and return it to us 
(postage paid) as soon as you can. Those 
who reply early will be sent the new Maplin 
catalogue in return for your efforts. 


A time for security? 

Home security is very much on our minds 
these days as a result of rising crime. From 
this you’d expect the home security busi- 
ness to be a growth area of consumer elec- 
tronics, and you'd be right. 


Providing your own home security can 
prove an intriguing challenge and also cheap 
at half the price. This is of course assuming 
high security is required. Also intriguing is 
what deterrents could be produced without 
falling foul of the law. Alternatively you 
could build this issues* Home Minder to 
provide a psychological deterrent to any 
intruder, by making them think someone is 
in the building. 

And finally, it’s a pleasure to see a 
transistor amp project in this issue after all 
the hype we have seen and heard about 
valves. Thank you for taking the time to read 
ETI. 


All reasonable care is taken in the preparation of the magazine contents, but the publishers cannot be held legally responsible for errors 


in the contents of this magazine or for any loss however arising from such errors, including loss resulting from the negligence of our 


staff. Reliance placed upon the contents of this magazine is at readers own risk. 
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here’s a whole lot going on in the world of personal 
telecommunications these days. For a start, I use 
the term personal telecommunications rather than 
the synonymous term, mobile telecommunications. 

CB started the personal telecommunications revolution 
because once users felt the benefits of being able to commu- 
nicate from the wheel, they began to question why this 
couldn’t apply to other situations. Its great being able to chat 
with others in the immediate area - but wouldn’t it be so much 
better if it could be as a connection into, say, the public 
telephone system. Then a mobile user could call up (or 
receive calls from) anyone else in the world who has a 
telephone or a similar mobile communications device. 

Cellular telephony allows this and various systems have 
been set up in the UK (Cellnet and Vodafone) as well as in 
Europe and around the world. They all share the same basic 
philosophy of having literally hundreds of small local base 
transceivers picking up signals and retransmitting them to 
and from other base transceivers or users. 

Another mobile phone service known as CT2 (Cordless 
Telephone type 2) has started up recently in the guise of 
telepoint, with the only surviving telepoint system known as 
Rabbit, operated by Hutchison Telecom. However, Rabbit 
handsets can’t receive calls, and outgoing calls can only be 
made within a strictly limited range (within 200 metres) of 
a base station. Handsets and calls are, however, much less 
expensive than those of existing cellular systems. 

Cellphones, in their original state, were generally mobile 
devices, simply because power requirements in the old days 
meant that a high-current 12V supply was needed for the 
output power. Over the last year, low-current low-voltage 
cellphones have become commonplace, giving users access 
to totally portable and pocket-sized cellular telephones. 

Around 80% of cellphones currently sold are of this hand- 
held category, which signifies a general move from mobile 
telecommunications to those of a more personal nature. In the 
UK both Cellnet and Vodafone are tremendously successful. 
Vodafone is expecting to sign up its millionth customer at the 
beginning of next year. With user-numbers like this, it’s 
important for us all to see that personal telecommunications 
- with the accent on personal - is a big thing, and not just a 
flash in the marketing departments pan. When the landline 
telephone was invented there were probably people who said 
it would never catch on, too. Like it or not, personal telecom- 
munications is here and is set to stay in no small way. If you 
haven’t got a personal handset yet, you will have! 

Cellular systems in this current category are of an ana- 
logue nature and analogue electronic devices are generally 
destined for the scrapyard. Sooner or later digital devices will 
take their place, with higher quality and less expense. 
Cellular systems have their limitations though. For a start, 
they are fast approaching their maximum numbers of users. 
Each communication channel has quite a large bandwidth 
requirement which means only a limited number of channels 
can be allocated within any given frequency slot. Secondly, 
analogue systems are prone to interference and speech 


quality problems. Thirdly, they are still expensive with only 
businessmen and well-to-do consumers able to afford them. 

Already starting operation are the latest forms of personal 
telecommunications, operating on the cellular basis of smal! 
local base transceivers but in a digital manner. Being digital, 
communications between users are less liable to interference 
and with high-quality audio. Eventually the hand-held or 
mobile will be cheaper than their analogue counterparts, 

The digital networks involved in these cellular systems 
are of two types, First is the global system for mobiles (GSM) 
network in which all connected users are able to access any 
phone or cellular user world-wide with high digital quality. 
Not only can this be done in the country where the unit was 
purchased, but in any country which also has a GSM network. 
Such inter-country usage is called roaming and current 
analogue cellular systems don’t properly allow it, Greater 
numbers of users can be connected, too, sufficient for every 
current telephone user to have at least one. Vodafone has the 
first GSM in the UK, called EuroDigital. 

The second type of digital cellular system to start is the 
personal communications network (PCN). First offthe ground 
here are Mercury’s One-2-One and Vodafone’s MetroDigital. 
A third, operated by Hutchison Telecom, will start next year 
and others may be allocated the following year. 

There are several similarities between PCNs and GSM, 
apart from the obvious that they are both digital. However, 
it’s their differences which are most important. PCNs are 
envisaged more as local networks, aimed at the mass con- 
sumer market, while GSM networks are considered to be for 
the more business-oriented user who travels internationally. 

Interestingly, it looks like handsets used on GSM and 
PCN networks will be interchangeable, with premium charges, 
on GSM networks, Pricing, as it happens, is an important 
consideration. PCNs are set to be considerably cheaper than 
current cellular systems, while GSM networks should even- 
tually end up at around the same as current systems. Its the 
price which will make or break the systems, after all. Cheap 
enough and consumers and business users alike will be 
falling over themselves to get a handset connected to the 
respective networks. Too pricey (or no cheaper than current 
cellular prices) and what's the point? Its going to take a year 
or two until the PCN and GSM networks are fully up-and- 
running, so customers might stick with analogue systems for 
a while too, to avoid confusion. 

Over the last year, current analogue networks have al- 
ready begun the two-tier strategy with a cheaper connection 
arrangement (alongside higher call charges) for consumer 
users - Cellnet’s Lifetime, and Vodafone’s LowCall. Now 
the two-tier pricing has been introduced and is understood by 
users, PCNs and GSM networks should widen the differen- 
tial even more. Business users can have their world-wide 
telephone conferences at one price and consumers in the 
mass market at another, a lower price. And all of this can be 
achieved without recourse to an existing landline telephone, 
Keith Brindley 


5 ony has launched two new in- 
strumentation Data Recorders, 
the 4 channel PC-204A and 8 
channel PC-208A. These models 
offer better features over their 
predecessors the PC-204 and PC- 
208, but are available at the same 
price. 

The PC-204A and PC-208A 
offer Double Bandwidth record- 
ing and playback at 80kHz, which 
can be split into four 20kHz or 
eight 10kHz channels. A wide 
‘dynamic range of over 80dB al- 


Jows the capture of signals in 
noise-critical environments such 
as acoustic noise measurement. 

The employment of DAT tech- 
nology makes the equipment suit- 
able for high density storage as it 
offers more than ten times the 
capacity of standard audio cas- 
settes. 

In addition to the four or eight 
available channels there is a dig- 
ital 1/0 channel which uses the 
LSB (Least Significant Bit) of 
each data word. This allows for 


SMALLEST CHIP 
CAPACITORS 


only 2.00mmx 1.20mmx 1 
~ half the size of the EIA : : 
A case. 


Electronics’ new range of 

tantalum. chip 
are claimed to be the 
for their: ca- 


talum chip capacitors which range 
in value: from.0,047uF to: 330uF 
with voltage ratings of up to 50 
volts DC. 

All of the SVS series of prod: 
ucts. operate over the =55°C to 
+125°C temperature range witha 
tolerance of 20%. Leakage cur- 


rent. is 0.5uA: maximum with a 


dissipation factor of 0.1 max. The 
itors are available in tape 


capaci 
~ reel format and pricing is £0.12 in 
These new products eran 
ment NEC’s existing R-series tan- 


1,000 piece quantities. 
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NEWS 


SONY ANNOUNCES 
TWO NEW DAT 


the recording of 
binary signals 
such as rota- 
tional and stimu- 
lus pulsesas well 
as timing or reference signals. 
The PC204A and PC208A can 
also be used as serial digital re- 
corders with input and output ca- 
pabilities of up to 3.072 Mbits/ 
sec. A high speed parallel digital 
output enables 16-bit transfer of 
data to computer platforms. 
Another feature of the Sony 


BASED 
INSTRUMENTATION 
RECORDERS 


Data recorders is the use of PCM 
(pulse code modulation), a meas- 
urement technique which guaran- 
tees the accuracy of logged data. 
By converting the analog signal 
levels into numeric values and 
recording them digitally, it avoids 
the risk of corruption by magnetic 
tape or tape transport mecha- 
nisms. 


COMMUNICATION GAP IS 


HOLDING BACK INDUSTRY 


esearch released at the Com- 

puters in Manufacturing 
Show (CIM ’93) reveals a com- 
munication gap between Infor- 
mation Technology suppliers and 
manufacturers that is holding back 
UK industry, according to John 
Puttick, Director of Manufactur- 
ing Europe for PA Consulting. 

The research undertaken on 
behalf of CIM 793 by Benchmark 
Research shows that manufactur- 
ers remain unconvinced, and dis- 
trustful, of the benefits of IT and 
revert to manual methods during 
critical production runs. 33% of 
managers from large and medium 
sized manufacturing plants revert 
to manual methods when sched- 
uling rush jobs, 43% still believe 
manual methods are more suited 
to control shopfloor processes and 
21% are convinced that manual 
methods are better for scheduling 
production. 

However, users universally 
accepted that computers were able 
to manage accounts, sales orders, 
purchase orders and stock control 
better than traditiona] manual 
methods. Another 51% admitted 
they did not actively measure the 
success of computer investments 
unless a problem emerged. 

John Puttick from PA Con- 


sulting Group commented: 
“Manufacturers are so caught up 
in the chaotic world of the factory 
floor that they’re unable to define 
their problems adequately, let 
alone explain them to anybody 
else. While, IT suppliers do not 
understand the complexities of 
manufacturing and are unaware 
of the limitations of the technol- 
ogy. The result is that IT suppli- 
ers can ‘over-sell’ the capabili- 
ties of the technology and some 
manufacturers can become disap- 
pointed and disillusioned with IT 
and its suppliers. 

“This gap is holding back tech- 
nological development within UK 
manufacturing. Our manufactur- 
ing industry is based on the pro- 
duction of capital goods, such as 
aerospace components, luxury 
cars and gas turbines. These goods 
require constant modifications, 
testing and manufacturing. What 
is needed is a system that can 
‘think’ in a flexible way, while 
coping with complex tasks. The 
UK has the opportuniry to do for 
capital goods what the Japanese 
have done for high-volume prod- 
ucts, but the adoption of IT is 
critical. 

Alec Cassells, Systems Con- 
sultant for IBM Industrial Con- 
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sultancy agreed that there were 
problems to be solved, but sees 
this as an opportunity for custom- 
ers and supplier alike. 

“The fact that most of the us- 
ers only measure the success of 


their computer systems when a 
problem emerges demonstrates 
that they don’t have an accurate 
idea about the successes they are 
achieving,” Cassells said. 

The Computers in Manufac- 


NICAD UNIVERSAL 


CHARGER 


APLIN Electronics can now 

supply a NICAD UNIVER- 
SAL CHARGER priced at £9.95 
(incl VAT). The Nickel-Cadmium 
battery charger is capable of charg- 
ing AAA, AA, C, D, PP3 and 
rechargeable button cells singly 
orsimultaneously in varying com- 
binations. There are two charge 
sockets for PP3 batteries and ei- 
ther one or two may be charged 
together. There are two positions 
where AA, C or D cells may be 
charged. In addition there are two 
positions for rechargeable button 
cells, diameters 16mm, 1 1.6mm 
or 8mm. (Note: It is very danger- 
ous to attempt to recharge 


SPECIALLY COATED MONITOR SCREENS 


hilips Components latest 

screen coating for monitor 
screens has given the company 
the leading edge in information 
display applications. 

The anti reflection/anti static 
screen coating (ARAS) which cuts 
light reflections on monitors to 
just 0.5% - a mass twentyfold 
drop compared with uncoated 
screens, 

The anti-reflection/anti-static 
screen coating (ARAS) cuts light 
reflections on monitors to just 
0.5% - a twentyfold drop com- 
pared with uncoated screens. 

The special coating is made of 
a multi-layer structure of trans- 
parent dielectric material that 


MD DATA ST. 


\ has announced the devel- 
opment of standards for MD 
DATA, the new compact data stor- 
age medium offering high data 
stora capacity for personal com- 
puter applications. 

The MD DATA standard has 
been developed to meet the com- 
puter industry’s growing need for 
storage media capable of han- 
dling large amounts of data. The 
standard is based on specifica- 
tions recently established for 
MiniDisc personal audio system, 
which Sony introduced in No- 


mercuric oxide, zinc-air or silver 
oxide cells), All ten charge posi- 
tions may be used simultaneously 
or in any combination. Each of the 
eight main charge positions (ie. 
not the button cells) has an LED 
associated with it which lights 
when charging is in progress, In 
addition, three test positions are 
provided, one for AAA and AA, 
one for C and D cells and one for 
PP3 batteries. When the charging 
switch is off, depressing the test 
button for the test position in use 
allows the meter to show if the 
battery is flat. The unit has 1.7m 
mains lead. Overall size: 185 x 
155 x 56mm. 


turing Show 1993 (CIM ’93) is 
now commissioning a greater 
study into the attitudes held by 
manufacturers, IT suppliers, man- 
agement consultants and the me- 


De poar tur rene 


Fbight:\. Te 


suppresses specular reflections by 
broad band interference effects at 


Gain Rewarks 


the screen surface. The anti-static 
properties are provided by a sin- 


dia, to look at ways of overcoming 
this communication problem, 
CIM *93 will be held at the 
National Exhibition Centre in 
Birmingham from October 19-21. 


gle conductive layer within the 
multi-layer structure, 

Philips Components has re- 
cently won a major contract to 
supply Amsterdam’s Schiphol 
airport with these specially coated 
monitor screens which cut light 
reflections by 90%, 

Schiphol has just ordered 400 
coated screens and plans to equip 
each of its 2000 flight informa- 
tion displays with the coated moni- 
tors by the end of 1994, 

ARAS coating is available as 
an option on 66cm (28 inch) Flat- 
ter, Squarer Monitor Tubes type 
M66EEU418X and 16:9 ratio dis- 


plays. 


NDARDS FOR COMPUTER DATA STORAGE 


vember 1992. Sony will offer the 
new MD DATA standard to com- 
puter and other manufacturers to 
generate industry support. 
Typically, floppydisks have 
been the medium of choice to fill 
the everyday data storage needs 
of personal computers because of 
the disks compact size and cost 
effectiveness. However, the need 
to add graphic as well as audio 
information to documents created 
on a PC led to the demand for a 
removable data storage medium 
capable of handling larger 


amounts of data. While magneto 
optical (MO) discs are currently 
being used to meet these needs 
for workstations, Sony believes 
that factors,such as system size 
cost and ease-of-use will make 
MD DATA products widely ac- 
cepted by consumers seeking port- 
able computing applications. 
MD DATA is expected to 
evolve into the next generation in 
data storage technology. Offer- 
ing the cost-effectiveness and 
user-friendliness of floppydisks, 
MD DATA will also provide sev- 


eral sfecial features including, a 
small portable size, 140MB 
memory. capacity2,000 frames of 
still color images on one MD 
DATA disc; 

It also allows a data transfer 
rate of 1SOkB per second, ena- 
bling 

CD full motion video; 

Importantly, a new file sys- 
tem, which determines how in- 
formation is encoded ont the disc, 
has been developed as part of the 
MD DATA ste lard to facilitate 
compatibility between computers 
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based on fferent operating sys- 
tems (0S). 

Computers using different 
CPUsand/or OSs employ file sys- 
tems unique to their standard. 
these file systems determine file 
structure and the manner in which 
data is written onto the disk. As 
a result, it is difficult to inter- 
change floppydisks between com- 


puters of different platforms. 

The MD DATA’ s file system 
ill circumvent this problem. Once 
MD DATA system software is 
installed onto the computer, in- 
formation written onto MD DATA 
discs can be retrieved and modi- 
fied regardless of differences in 
the CPU and/or 0S of the comput- 
ers being used. 


Specifications: 


*Recording Capacity: 140 MB (maximum) 

*Sector Size: 2,048 bytes 

*Data Units 64 kB 

*Data Transfer Rate 150 kB/sec 

*Cartridge Dimensions 68 mmx 72 mm x 5mm 

*Disc Diameter 64mm 

*Disc Thickness 1.2mm 

*Track Pitch 1.6 

*Laser Wavelength 780 nm 

*Numerical Aperture 0.45 

*Recording Method Magnetic Modulation Overwrite 
System 

*Linear Velocity 1,2 m/sec-1.4 m/sec 

*Modulation System EFM 

*ErrorCorrection System Adaptive Cross Interleave Reed 
Solomon Code(ACIRC) 


VERY LOW POWER SRAMS 


M itsubishi has announced the 
expansion of its second gen- 
eration IMBit, low power SRAM 
product family. A new TFT (thin 
film transistor) cell version of the 


IMbit SRAM has been produced 
using 4Mbit technology to achieve 
superior power saving perform- 
ance. Indeed, the new TFT device 
is the lowest power | MBit SRAM 


currently available. 

The | MBbit TFT cell SRAMs, 
like the other 1 MBit SRAM prod- 
ucts, operate at 3V (2.7 to 5V 
range) giving increased battery 
life. The SRAMs are useful in 
portable applications ranging from 
computers and dataloggers to 
mobile communications equip- 
ment. The low power devices are 


also ideal for memory card type . 


appplications where battery 
backup is used to give portable, 
non-volatile mass data storage. 
The new TFT devices can be 
used in a 2Mbyte memory card, 
providing a ten year life from a 
single 3V standard lithium cell. 
The 1 Mbit TFT series SRAMs 
typically consume 0.05uA on 
standby from a 3V supply com- 


AFFORDABLE: 


For PC's + Compatibles 


pared to 0.3A from current HR 
cel] devices. The new TFT cell 
device is downward compatible 
with previous HR cell 1MBit 
SRAMs and is organised as 128k 
x 8bit. 


‘ie 
@ ‘channel 8-bit A to D 


@ Plugs into printer port 
@ Up to 25 KHz sampling 


@ 6 channel 8-bit A to D 
@ Plugs into printer port 
@ Upto 4 KHz sampling/ch 


Cromwell Chambers, 8 St. Johns Street, 
Huntingdon, Cambs. PE18 6DD ° 


Tel: (0480) 433156 
Fax: (0480) 413357 


TEST EQUIPMENT SYSTEM CONSULTANCY @ Oto5 Volt input range —@ Oto Volt input range 

Supply : Replacement Parts © Software ple his © Software ane 

ipiialeniad Supply of Service & Pricos include PXP |.  @ Voltmeterand Scope @ Data Logger software 

Commissioning Operators Manuals Disk unless 4.25" specified. software + source ( requires ega/vga) 
Components F 

Distributors for: 


WAUGH INSTRUMENTS, RAMTEST LTD, KRENZ ELECTRONICS, PANTHER 


Red Lion Yard, Market Place,Blandford, Dorset DT11 7EB. 


| C.P. Technology 


STEVENAGE 


Professional Sub-Contract Manufacturing & Suppliers to the 
Electronics Industry 


Do you have a requirement for any of the following services: 
PCB Assembly (Conventional Product Design/Consultation 
and Surface Mount) Full Procurement Service 

Wave & Hand Soldering PCB Test & “Burn in” Facilities 
Complete Equipment Enclosure Design & Manufacture 
Manufacture PCB Artwork Manufacture 
Device Programming from hand Circuits Drawn Professionally 
written shts or PC 31/2" disc Kit Procurement & Supply 

Cable Harness Assembly /loom Component Sales 

Manufacture Refurbishment a speciality 

Card Cage and Module Wiring Top Quality Work at Reasonable Rates 
Full Inspection 


Phone Tracey on (0438) 310066 or Fax details of your requirements to us 
on ee ore 
EQT LTD, BTC, Bessemer Drive, STEVENAGE, HERTS, SG1 2DX 


The supplier to use if you’re looking for — 
* A WIDE RANGE OF COMPONENTS AIMED 
AT THE HOBBYIST * 
%* COMPETITIVE VAT INCLUSIVE PRICES * 
* MAIL ORDER - generally by 
RETURN OF POST * 
* FRIENDLY SERVICE * 


Open: Monday-Thursday 9.15-6.00 
Friday 9.15-5.00 Saturday 9.30-5.0 
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Volume 
holographic 
storage 


Ithough still in the research 

stage, volume holographic 
storage for computer software has 
recently required its own datacom- 
pression technique, called fractal 
space multiplexing, 

The technique was tried re- 
cently at Northrop Corp.’s Elec- 
tronic Systems Division, where a 
demonstration project stored a 


Jab hapi fiunnees. 


post hesnerieaphonueicspaill 
- blower. Petroland kerosene-por 


aid uoseriuek ae 


backup power, but they must be 
watched and maintained and mean 
that potentially dangerous fuel: 


must be kept around the house. : 


record 5,000 holograms in a 
lithium niobate crystal. Without 
the fractal geometry, the crystal 
could only support 500 holograms 
with reasonable resolution. 
Holographic techniques al- 
ready perform a kind of data com- 
pression. A two-dimensional ar- 
ray of pixels can be represented 
as a one-dimensional array of ref- 


S onstrated the viability 
tinuous gas furnace 
converts gas heat into elect 


_mocouple) will generate ele 
_ two junctions are kept at 


aint ib ee ‘i Be 
lem. The GE centre has now: 


~ motive force (voltage 


erence beams. The two-dimen- 
sional image is reconstructed from 
a wave interference pattern, gen- 
erating the reference beams. 
That fractal geometry 
multiplexing would save space 
seems to be paradoxical at first, 
since it requires several one-di- 
mensional reference-beam arrays 
that would therefore take up more 


information storage space in the 
crystal. A large gain in storage 
occurs on read out, however, since 
the added information greatly re- 
duces the optical crosstalk be- 
tween stored images. The reduc- 
tion in noise results in the ability 
to store 10 times as much infor- 
mation in the same space. 


New microprocessor speeds pose problem 


ow microprocessor speeds are 

moving above 100MHz, prob- 
lems normally associated with 
radio-frequency design are begin- 
ning to intrude into digital sys- 
tems. Several projects aimed at 
solving system communication 
bottlenecks with optical methods 
have converged on a little-known 
area of organic chemistry - long- 
chain polymers, to which opti- 
cally active molecules known as 
chromophores are attached. 

Researchers believe the poly- 
mer materials may not only be the 
key to uncorking future bottle- 
necks but could also lower the 


cost per bit of information trans- 
mitted by orders of magnitude. 
At cycling rates above 
100MHz, electromagnetic inter- 
ference, terminal echo and ground 
bounce start to disrupt the simple 
capacitance model of intercon- 
necting wires. While those un- 
wanted effects complicate cur- 
rent designs, they threaten to 
become an insurmountable ob- 
stacles at the inter-chip level. 
Polymer-based materials are 
attractive because they solve a 
crucial materials-compatibility 
problem that has plagued other 
electro-optic approaches. 


High temperature 
superconductor 


uperconductor: Technologies 
Inc., of Santa Barbara, Cali- 
fornia, has constructed what it 
believes is the first high-tempera- 
ture superconductor delay line 
longer than 100 nanoseconds. 
Made of a thallium-based 
HTS, the line is drawn in a mod- 
ule that measures only 3.8 20 3.8 00 
0.5in. It would replace 70ft of 
RG-141 stainless steel coaxial 
cable in instrumentation and elec- 
tronic warfare-delay applications. 
Compared with the coax line, 
the HTS delay line improves in- 
sertion loss by a factor of 5, which 


enables a system designer to re- 
duce the number of amplifiers 
needed to recover a signal, im- 
proving signal integrity. 

The choice of 100 nanosec- 
onds was more or less arbitrary, 
though within a certain window. 


The company thinks there is a | 


competitive advantage with su- 
perconductors with delays be- 
tween 25 and 500 , before optical 
systems become more optimal. 

The delay line could be useful 
for storing signals in channelised 
receivers while a superheterodyne 
is being tuned. 


Compound semiconductors 
suchas gallium arsenide or indium 
phosphide are star performers, 
but crystalline mismatch with sili- 
con has effectively blocked at- 
tempts at integration. The same is 
true of ceramic E-O materials. 
Lithium Niobate, for example, is 
preferred for its strong electro- 
optic performance but, as a crys- 
tal, is similarly difficult tg inte- 
grate with other crystalline 
materials. 

GE research has turned up a 
new candidate - dimethyl amino 
stylbazolium tosylate (DAST) - 
which the project is targeting for 


use as a thin-film interconnect 
technology for multi-chip mod- 
ules. DAST has an unusually 
strong electro-optic coefficient, 
which makes it ideal for shrink- 
ing the size of devices. 

In general, organic polymers 
tend to have weaker E-O coeffi- 
cients than crystalline materials, 
and they also suffer from stability 
problems, 

The new material discovered 
at GE has an unusually high E-O 
coefficient, but keeping that value 
stable over wide temperature 
ranges and long operational peri- 
ods is proving difficult. 


Simulated Annealing 


xatech Software of Colorado 

Springs, has announced an 
add-on that applies simulated 
annealing, a neural-like learning 
method, to spreadsheets. 

It can quickly locate minima 
or maxima in problems involving 
too many simultaneous equations 


| or unaccelerated PCs. 


Called XSolver, the pro- 
gramme has been designed for 
use with Microsoft’s Excel 
spreadsheet. It communicates di- 
rectly with Excel via Windows’ 
dynamic data exchange method. 

Simulated annealing simulates 
the way that the temperature is 
repeatedly raised and lowered on 
an annealing furnace. For micro- 


chips, annealing helps form a per- 
fect crystal lattice. 

XSolver’s user interface 
presents the user with the control 
panel on an annealing furnace 
while the spreadsheet data under- 
goes the annealing. The model, 
must first be expressed as a 
spreadsheet, with the user declar- 
ing the spreadsheet cells that con- 
tain adjustable parameters and 
the value in the single cell, which 
is a function of those parameters, 
to be minimised. 

. The user can choose whether 
thermal changes alter the values 
of individual cells or a swap in 
values between random pairs of 
cells, 
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Fig.1 Current through cutting wire 


Colin Meikle 
describes a useful 
instrument for 
cutting shapes 


his piece of equipment will easily find a home on 
the work bench. Anyone who builds electronic 
projects has undoubtedly spent many hours drill- 
ing, sawing and filing boxes to accommodate 
meters, connectors, displays, etc.. This piece of equipment is 
a controllable hot wire, which can be used to cut detailed 
shapes out of plastic enclosures (or can be used anywhere 
plastic or even polystyrene requires cutting). The equipment 
consists of three separate parts, a Power Supply, the control 
electronics and a ‘U’ shaped handle which has the cutting 
wire. The circuit incorporates a temperature control, which 
is essential to be able to cleanly cut different thicknesses and 
cut at different speeds. A Tricoloured LED gives an indica- 
tion of the cutting wires temperature (green = cool, orange = 
warm and red = hot). Touch strips are incorporated in the 
handle of the cutting arm, so that the hot cutting wire is only 
turned on when the handle is being held (this helps avoid the 
inevitable burnt fingers). The circuit as described has been 
designed to operate from a 12V PSU, such as the power 
supply for a PCB drill (see the section on Power Supply). 
There are a number of ways of controlling the power to the 
hot wire and hence the temperature of the wire. The method 
employed in this circuit is Pulse Width Modulation, which is 
a very efficient method. The power to the hot wire is pulsed 
on and off and by varying the on/off period, the temperature 
of the wire can be controlled. Figure 1 shows the output 
waveform to the hot wire. The current through the wire when 
it is on is approximately 4A and, from Figure 1, it can be seen 
that the duty cycle is between 10% and 40%. A bulk capacitor 
supplies the peak current and hence the current which is 
drawn from the supply is between 0.35A and 1.5A. Since the 
wire is either on or off, the losses in the circuit are very small. 
A MOSFET was chosen for the output transistor due to its 
very small on resistance (0.18R), hence it can operate 
without a heatsink. The circuit’s operating frequency is not 


critical, although a few factors must be taken into considera- 
tion. As the wire is continually pulsed on and off, it is 
constantly heated and cooled. This causes the wire to expand 
and contract which in turn causes the wire to vibrate a small 
amount. This vibration at low frequencies manifests itself as 
an audible hum, which can be annoying. At very high 
frequencies the circuit becomes less efficient, as losses in the 
output transistor will start to increase. Another factor to 
consider at high frequencies is Electromagnetic Emissions. 
At high frequencies, with large switching currents the emis- 
sions from the circuit could easily interfere with other 
electronic equipment. With the components specified the 
operating frequency is between 13-15kHz. 


Component Selection 

The most important component is the cutting wire itself. 
The wire used was salvaged from the heating element of an 
old hair dryer, one element will give years of supply. (I have 
used the wire from two different elements, both had a 
resistance of approximately 3 ohms per 10cm). It is not 
critical that the wire has the same resistance, as the duty cycle 
of the circuit can be altered to compensate for different wires, 
but wire with a significantly lower resistance should not be 
used. 

The MOSFET specified can be substituted for any Power 
MOSFET which has a low On resistance (less than 0.25R). 
Any device which has a higher On resistance may require a 
heatsink - if alternative devices are used, check the pin out. 

Resistor 9 is not strictly required, but it does allow the 
current through the circuit to be easily monitored, thereby 
allowing you to check that your PSU is not over-loaded 
(current = 4 c Voltage across R9). The wire used between the 
control unit and the handle should be the ‘Extra Flex’ type, 
to allow free movement of the handle. Ensure the connectors 
used to connect the wires the handle are capable of handling 
over 4A. 


Power Supply 

The circuit has been designed to work from any 12V 
power supply that can supply 2A or more. Standard batteries 
are not a suitable source for the supply, due the high current 
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-HOW IT WORKS 

Operation of the circuit is very simple, referring to the 

circuit diagram (Figure 2). 

The circuit is based around a free running oscillator 
with a variable duty cycle. This oscillator consists of IC1c 
and associated components. D1 and D2 allow the charge 
and discharge path for C2 to be separated. By altering 
RV1 (or R3 and R4) the charge and discharge time for C2 
can be altered and hence the duty cycle of the oscillator 
is altered, 

The oscillator signal drives the red segment of the 
tricoloured LED and its complement drives the green. As 
the duty cycle is increased the red segment is driven more 
and the green less, thereby giving an indication of the 
temperature. Note that R7 and R8 are not equal because 
the maximum duty is 40%, therefore the green segment is 
driven longer than the red. To compensate for this, the 
series resistance for the red segment is lower than for the 
green, 

The oscillator signal is ANDed (IC1a & b) with the 
TPAD signal, before driving the output transistor. The 
TPAD-2 signal is pulled low via a very high resistance 
(R1). When the handle is held the touch strips are ‘shorted’ 
and TPAD-2 goes high (since the skins resistance is much 
{ower than Ai). This allows the oscillator signal to drive the 
output transistor, Q3, which in tum drives the cutting wire. 

C6 smoothes out the high current pulses, resulting in 
a steady current being drawn from the supply. 


drain of the circuit, however rechargeable batter- 
ies with a high capacity could be used (e.g. lead 
acid). Figure 2 gives details of a suitable supply 
if building your own. 

Note: Any powersupply over 6V (>24VA) can 
be used. If lower voltage supplies are used R3, 
R4, R7 R8 will have to be altered, to increase the 


duty cycle. 


Construction 

The component layout for the PCB is given in 
Figure 3. The finished PCB should be mounted in 
a small box and ‘wander’ type connectors are 
ideal to connect the wires from the cutting arm to 
the control box. Figure 4 shows the dimensions 
for the U shaped cutting arm, although there is 
nothing critical here and you may wish to design 
your own. The length of the actual cutting wire 
should nevertheless be kept to a similar length. 

Ascan be seen from Figure 4, the handle of the 
arm is a 18mm? block of wood. The arms are two 
equal lengths of dowel rod, which can easily be 
glued into two holes drilled in the handle. Drill 
all the required holes in the dowel rod before 
gluing them in place (remember to ensure all the 
holes line up). Metal tubes should be used to stop 
the wood from burning where the cutting wire 
passes through the wooden arms and I used 
uninsulated bullet type connectors for this. It will 
sometimes be necessary to temporarily discon- 
nect the cutting wire, e.g. when cutting holes in 
panels, so the connecting wires are soldered to 
solder tabs and are bolted, together with a few 
washers. The cutting wire is then simply sand- 
wiched in between the washers and tightened up. 
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Fig.2 Circuit diagram 


WIRE+ / TPAD 1 


Fig.3 Component layout 


METAL TUBE 


Fig.4 Cutting arm 


Vin (+12V) 


METAL ROD OR METAL STRIP 


This gives a simple, quick method of 
connecting and disconnecting the 
wire. A small spring is used to keep 
the cutting wire taught, but still al- 
lows some flexibility. 

The touch strips on the handle 
can be any type of metal rod or strip. 
The two strips should be positioned 
apart, so that when the handle is held 
your hand covers both. The connect- 
ing wires should be connected as 
shown in Figure 3/4. Note that the 
WIRE+ wire connects to one touch 
strip and one end of the cutting wire. 


Setting Up 

The circuit should first be tested 
without the cutting wire. Connect 
the power supply to the circuit and 
connect a 12¥V bulb or an LED viaa 
1k resistor to the output terminals. 
With the touch pad connections open, 
turn the power on. The tricoloured 
LED should light and when the pot is 
altered, the colour should change 
from mainly green to mainly red. If it 
does not, check that D1 and D2 are 
the correct way round. Turn the pot 
until the LED goes green, then con- 
nect the touch pad wire to the posi- 
tive supply (the test point can be 
used for this). The test LED or bulb 
should glow dimly, as the pot is 
altered the intensity should increase. 
If the bulb glows most brightly when 
the LED is green, swap the green/red 
connections to the tricoloured LED. 

Assuming all is OK turn off, leay- 
ing the pot set with the LED at green 
and replace the test bulb with a piece 
of the Cutting Wire (the same length 


NOTE: EITHER METAL ROD OR STRIPS CAN BE USED FOR THE TOUCH PADS 


bh pease det sTaPS. 10cm, ¢.g. wire from the heating element from 
a hair dryer. 
Ss fiom se Extra-Flex wire to connect the handle to the 
control box. 
Plugs and sockets, e.g. ‘Wander’ type 
WIRE. TPAD A”) | Suitable plastic box to house the circuit (e.g 
WIRE - 125 2060 040) 


as to be used in the handle). Take care that the ends cannot 
be shorted out and that the wire is away from anything it may 
burn. When the power is applied to the circuit, the wire 
should warm up (this may not be visible at the cool setting) 
and as the pot is slowly altered, the wire should get hotter. 
When the other end stop of the pot is reached (the LED will 
be mainly red) the wire should be visibly glowing. 

If the wire gets visibly hot before the end of the pot or does 
not get hot enough, a few adjustments will be required. 

If the wire gets too hot at the maximum setting, increase 
the value of R4. If the wire does not get hot enough decrease 
R4. If the wire is too hot at the minimum setting, decrease R3 
and if it’s too cool increase R3. If the values of R3 and/or R4 
are altered the tricoloured LED may appear too red or too 
green. The colour can be easily altered by changing R7 for the 
red content and R8 for the green (increasing the value 
decreases the intensity of the corresponding colour). 


In Use 

When using the cutting wire, you will find the wire will 
cool locally around the cutting point. To obtain the best 
results, the wire should be moved gently up and down as you 
cut, so that the local cooling has less of an effect. You may 
also find it helpful to build different sized handles, which can 
be swapped as required, to suit different situations. 


PARTS LIST 
RESISTORS 

All 0.25W, 5% Carbon Film, except where stated 
Ri = 5M6 

R2 100k 

R3 12k 

R4 56k 

R56 10k 

R7 ~—-380R 

R8 ss tk2 

R9 —-OR25 (3W W/Wound) 


47k Potentiometer 


CAPACITORS 

C1 10n 

C2 in 

C3 100n 

C4 100n polyester (5mm pitch) 
C5 100W/16V Elect 

C6 1000y16V Elect 


SEMICONDUCTORS 


D1,2 1N4148 

D3,4 —1N4001 

Q12 BC327 

Q3 — BUZ11 Power MOSFET 


ICi_ 4093 CMOS Schmitt NAND Gate 


MISCELLANEOUS 
4A Slow Blow Fuse and PCB clips. 
Tricoloured 5mm LED and clip. 

Suitable ‘cutting wire’, approx. 3 ohms per 
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Supplies 
Supplies 


| wouldlike to congratulate you 


on one of the most interesting 
issues of ETI that I have read ina 
long time. It was nice to see the 
article on transformerless power 
supplies but hopefully 
your contributors will 
be able to design these: . 
safely inthe future, and 
I won't have to write'to 
complain. Contrary to 
what you seemed to in- 
fer from my letter, I 
have nothing against 
the: transformerless 
power supply - I de- 
sign circuits using them 
on a regular basis, but-as I design 
them commercially, ‘electrical 


safety is paramount and compli-. 


ance to the relevant standards j is 
mandatory, 

Andrew Armstrong makes no 
mention of how to calculate R1 in 


Power Down 
Problem 


| am currently attempting to de- 
sign a circuit incorporating 
CMOS Static RAM and I would 
be very grateful if you could offer 
some advice, 

The circuit is designed to 
download and store data from a 
computer’s serial port using two 
CMOS Static RAMs, (6264 8K x 
8bit and 62256 32K x &bit), Both 
devices share a common address 
bus in my circuit design, but are 
individually selected to store data 
by switching logic. It is vital that 
data is retained after switching 
off the main 5V supply to the 
circuit, 

It is simple enough to connect 
a battery backup to the RAMs 
using diodes to maintain power to 
the chips when the main 5V sup- 
ply is switched off. One possible 
problem, however, is the fact that 
the logic circuitry controlling the 
RAM chips may set the READ, 
WRITE and CHIP SELECT lines 
to an undesirable state as they 


16 


Pacitors are available up 


Figure 4 (che eurge listing resis- 


tor). In practice, the larger the 
better. Not only does RI limit the 


‘surge, it is the only limit to high 


frequency interference, where the 
capacitor reactance is negligible, 
I choose a 2W component for R1 


vand select its value such that 


lac?R1= |W approx.. Class X ca- 
to Ip, 


TIPL770 
MJE13005 


which gives a respectable cur- 


rent. Ifa 400V polyester is substi- 


tuted it will blow up sooner rather 


than later, a630V component will. 


last a bit longer. D1 can be: the 
Zener and D3:can be omitted to 
reduce component count giving 


power-down. The effects of this 
would be possible corruption of 
data in one or more RAM chips. 

It seems that a voltage moni- 
toring circuit is required to dis- 
able writing to both RAM chips 
during switching on and switch- 
ing off the main 5V supply. The 
CHIP SELECT lines of both 
RAMs must be available for use 
by the rest of the circuit when the 
main 5V supply is present. 

Any suggestions for such a 
circuit would be gratefully re- 
ceived and I’m sure would inter- 
est other readers. 

G A Haddon 
Birmingham 


Your request is being dealt 


with and will appear as a Blue- 
print. - Ed. 


InterCard 1 
Update News 


ere’s an update on develop- 


ments concerning the 
InterCard 1 Universal Interface 
Card for the IBM PC: 


an output voltage 0.6V less than 


the Zener voltage. The waveform. 
at the junction of Di and’D2 is a: 
very useful SOHz square wave, 
but. unfortunately it-is.in- 


quadrature with the mains, not in 


phase, : 
I was very interested in Mr 


Binga’s clock and I have used the 


circuit below instead of Figure 3 
_ very successfully. For all 
SV logic, the current is = 
44V/Re and is: inde-: 
pendent of supply volt- 
age fluctuations and .. 
number of LEDs in the 


chain. [have used +VE 

as rectified mains with 

next to no smoothing, 

but the transistor needs 

a: heatsink. The 
TIPL770 or MJE13005 

has a gain of at least 30, so the 
logic has to supply less than 660L1A 
for 20mA in the LEDs. 
If the clock has a 7-segment 
display, would fluorescent tubes 
bea possibility? Starting them 
would be interesting, I'll leave 


1) The software disk for the 
project has been revised to ver- 
sion 1.1. Improvements to the disk 
are mainly to do with the format 
and structure of the files, with a 
few extra sound samples. No new 
programs yet. 

2) Distribution of the software 
disk is now being handled by: 

The Public Domain 

Software Library 

Winscombe House 

Beacon Roall 

Crowborough 

Sussex 

TN6 1UL 

United Kingdom 

Tel: (0892) 663298 


The volume number of the 
InterCard | software is 3861 - this 


dine eanmentan 
applied to light the tube would be 


a possibility or, alternatively, run-. 
ning ‘them. cold-cathode: from a. 


leakage-reactance transformer. 
Ona final note regarding mak- 


"ing PCBs, photocopying onto over- 
“head 


d projector film does not usu~ 


y: enough density, but 
making two copiesand fixing them 


- together, one on top of the other 


‘usually produces excellent results, 

provided that the copier produces 
two copies of identical size. 

F “Tan Benton 

Tikeston 

Derbys 


Andrew Armstrong replies: 
For alow power design, RI would 
be in: the: region of 0.6-1W. The 
minimum value of RI with Vpk.= . 
360V and I = 2.5A would be 144R 
(nearest preferred value of 150R), 
If 50ma.is drawn, you would need 
@ 10W version of RI (150R). 


should be quoted when placing an 
order. The current cost for one 
disk in the UK is £6-00, with free 
postage. Due to other commit- 
ments I will no longer be able to 
honour requests for the software 
disk. All future orders should be 
sent to the PDSL at the above 
address. Those readers who origi- 
nally acquired the high-density 
version of the disk from the au- 
thor and found two extra directo- 
ries of programs - namely 
SCOPTRAX and MODPLAY - 
should note that the disk from the 
PDSL does not contain these pro- 
grams (they can be found on disks 
3676 and 3554 respectively) Fur- 
ther details/catalogue available 
from the above address. 

Neil Johnson 


PROFESSIONAL SERVICES 


We offer a full R.F. DESIGN SERVICE from design and development 
to prototype. Our extensively equipped laboratory with screened room 
is available for EMC PRE-TESTING to ensure products comply with 


the EC Directive on emissions and susceptibility. 


CR. (N. “ElectronicS ec” 


1 ARNOLDS COURT, ARNOLDS FARM LANE, MOUNTNESSING 
ESSEX CM13 1UT. Tel: 0277 352219 Fax: 0277 352968 


ETI OCTOBER 1993 


Flectronic 


Picture 


A moving LED display 
by Colin Meikle 


designed this project as a novel present for my 
girlfriend. I intended building some sort of 
display that could show a series of short mes- 
sages and the original intention was to build a 
large display that would show several words ata time, 

although I soon discarded this idea. The circuit would 

be too complex and even the size of the display would 

be impractical for my girlfriend’s bedroom. I there- 

fore decided on a small LED display that would 

display one character at a time. This had several 

advantages, the display could be built into a small 

picture frame and the electronics to drive the display 

could be kept very simple. I soon realised that in addition to 
text, interesting patterns could be displayed. As development 
progressed, I thought the patterns would be more interesting 
ifthey responded to surrounding sound, particularly music, so 
a sound activated circuit was included. 

The Electronic Picture itself is made up of an 8 o 8 array 
of LEDs, mounted in a small picture frame. The picture can 
display short text messages, or various types of patterns to 
form visual effects. It is similar to the LED type displays 
found in Post Offices and shops, but on a smaller scale. The 
circuit allows the messages or patterns to be displayed at a 
fixed rate, In addition, the circuit has a built in microphone, 
which allows the display to respond to surrounding sounds. 


C102 63 of c5 c6 c7c8 
a 


Lixi TTT tT 
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Dix Dx Tf 


Fig.1 Memory Map 


This feature is of little use for text messages but very good 
visual effects can be created. Both modes of operation have 
controls that allow the sensitivity or speed to be altered. A 
switch allows either sound or automatic mode to be selected. 
The circuit can store 16 different sequences, which can be 
individually selected (a push button allows you to cycle 
through the sequences), or all the sequences can be displayed 
in turn after a set number of repetitions. 

The patterns or messages are stored in an EPROM. 
Programming the EPROM is a time consuming task (al- 
though not as difficult as you may first think), but this is a 
compromise to keep the circuit simple. The circuit can be 
powered from the mains or via a small external PSU. 


mm ma ne ili lag ais 


STEP 1: 
DRAW PATTERN 
ON GRID 


STEP 2: 
CONVERT OFF LEDs 
TO ZEROs AND ONEs 


STEP 3: 
CONVERT TO HEX 


EXAMPLE 1A: DATA FOR THE CHARACTERS ‘ETI’ 


888888888 


SSmsssmssssssss 
SSSmosomsssssss 


0070 


EXAMPLE 1B: EXAMPLE OF SCROLLING TEXT 
THIS EXAMPLE SCROLLS ‘HI’ ACROSS THE DISPLAY 


c1¢2 03 0405 06 768 102 03.04.65 cf c7c8 
an a 


eC 
rt bt tT 


REPEAT FOR ALL FRAMES IN SEQUENCE 


SSSPSSES 


FIRST '15 FRAMES OF 
A SEQUENCE 


BARSSHsssnsssss 
SSSRmRSSmsssumss 


NOTE THAT IT TAKES 15 FRAMES TO SCROLL TWO LETTERS 


0000 
0008 
0010 
0018 


EXAMPLE 1C: ‘SPINNING > ' PATTERN 


THIS SEQUENCE STARTS WITH A'—', FOLLOWED BY'\.',' | 7" 


THIS GIVES THE EFFECT OF A SPINNING STAR 
(THE STAR SPINS IN TIME WITH THE MUSIC" 


Fig.2 Examples for creating patterns 


In Operation 

It is important to understand the memory organisation and 
the way in which patterns are displayed if you are to create 
your own display sequences. Figure 1 shows how the memory 
is organised and how it relates to the LED display. 

The EPROM is an 8K © bits device. Each byte in the 
EPROM corresponds to a column on the LED display. Each 
of the 8 bits within the byte control a LED within that column 
(setting a bit to a 1 turns the LED on). The memory is firstly 
organised into 8 byte blocks and each block corresponds to 
one complete picture ‘frame’ (one byte for each of the 8 
columns). By repeatedly displaying the 8 byte block, with 
each column displayed in quick succession, it appears that all 
8 columns are being displayed at the same time, although 
there is only one on at any one time. Referring to Figure 1, 
memory location 0000 corresponds to the first column C1, 
the data in this location is OOH, thus all the LEDs on this 
column would be off. Location 0001 corresponds to the 
second column C2, this contains FEH, where all the LEDs in 
column C2, apart from the top LED R1, would be on. If you 
complete this for the complete block (i.e. 0000 to 0008) you 
will find the character ‘E’ would be displayed. Each of these 
8 byte blocks are displayed for a period of time, e.g. 1 second, 


ETI OCTOBER 1993 


then the next 8 byte block is displayed. This next block would 
contain, the next character in the message or the next part of 
the picture sequence. Thus, each 8 byte block defines a 
picture frame. 64 of these blocks are displayed in sequence 
for a set period of time, to create a complete message or 


renee s—s—‘“_s—SSSN 


<2) -OO® 


{D5 ON FOIL SIDE 


Fig.3 Component Overlay 


PROJECT 


effect. Since there are 64 frames in 
any complete message or effect, the 
maximum length of a message is 64 
characters. At the end of each mes- 
sage or effect, the circuit loops back 
to the first frame in the sequence and 
the sequence is repeated. If the period 
between each frame is shortened, the 
individual frames can be run together 
to create moving pictures or scrolling 
text. 

If the circuit is operating in sound 
mode, the period between frames de- 
pends upon the music or surrounding 
sounds, (as a result text is difficult to 
read in this mode, but it results in 
interesting patterns). The total 
memory used for one complete message or picture sequence 
is 0.5K, therefore 16 individual messages or sequences can 
be stored in 8K of memory (8 columns 64 frames °° 16 
sequences = 8K of memory). 


ee 


ROG 


Creating Patterns In The EPROM 

Messages can be displayed in a number of different ways. 
The most memory efficient way is to display one character at 
a time (note only one full character can fit in the 8 o 8 array 


of LEDs). This method makes long messages difficult to read, 
A better way isto scroll characters across the display, although 
this uses a greater amount of memory and the length of the 
message that can be displayed is greatly reduced, You may 
find the 64 frames is a limitation when creating messages but 
this can be expanded if required (see the section on further 
expansion). When creating patterns or visual effects, the 64 
frames will be more than adequate. To create your own 
patterns you first must have access to an EPROM program- 
mer and you will find a good text editor invaluable. 

The first step is to draw out an 8 o 8 grid ona blank piece 
of paper, to represent the display. Number the columns (C1- 
8) and rows (R7-0), see Figure 2 This can now be used as a 
template. Place a thin piece of blank paper on top of your 
template and lightly draw on the grid, the character or pattern 
you wish to display. Put a X in all the boxes where a LED 
should be On. Note that if only displaying text, a 5 0 7 array 
should be marked out (as most text can fit into this array), that 
is, don’t use C1, C7, C8 and row RI, 

The next step is to convert the Xs into a Hexadecimal 
number, This can be done in two steps, convert the Xs to 1s 
and the blank spaces to Os (remember to include all the blank 
columns). Reading each of the columns, convert the 8 digit 
binary number into a hex number (note the bottom, R7 is the 
MSB). This can be seen in Figure 2, example 1. This process 
is simply repeated for all the different picture frames you 
require for your sequence. Remember, you need 64 frames to 
complete one sequence. If your sequence is, say only 16 
frames it can simply be repeated 4 times to fill the 64 frames, 
blank frames (i.e. all Os) or repetitions of frames can be used 
to pad sequences out. 

Displaying moving (i.e. scrolling) text, 1s equally simple. 
For example, to scroll the letter ‘E’ across the display. Draw 
the ‘E’ on the grid, as previously described, move the top 
sheet of paper so that the ‘E’ is just to the right of the grid, 
so that the grid is blank. The blank grid is the first frame. 


Move the top sheet one box width to the left, the first part of 
the ‘E’ should now be on the grid, (i.e. a vertical line in C8 
from R7 through R1) - this is the second frame. This is simply 
repeated until the ‘E’ is shifted fully into the display, the next 
character can be shifted in from the right as the ‘E’ is shifted 
out to the left. 

Although this may seem a very long process, after a bit of 
practice it becomes very easy, and drawing each pattern be 
comes unnecessary. 


A small problem will arise when displaying individual 
characters and moving text or patterns. To display individual 
characters, you require the frames be displayed at a much 
slower rate than for moving sequences (e.g. Characters have 
to be displayed for >1 second, but moving sequences require 
frames to be displayed for <0.25 sec). This can be overcome 
by setting the frame speed to the faster setting (e.g. 0.25s). 
When individual characters are to be displayed they can be 
repeated a number of times, so in effect they are displayed for 
a long enough period of time. This avoids having to alter the 
frame speed between sequences. 

Figure 2 gives a few more examples for frames and 
sequences. When you have collected all the data for your 
picture sequences you must generate a valid fuse map. Figure 
1 shows the start and end addresses for each sequence. If you 
wish to generate your fuse map in INTEL HEX format, which 
is accepted by most EPROM programmers, the format is 
given below. 


:Byte Count|Address|Block Type|Data Bytes|Checksum 
Byte Count : No. of data of bytes E.G 08 (2 Characters) 
Address : 4 ASCH hex characters E.G, 0008 

Block Type: 2 characters. 00 data, 01 end of file 

Data Bytes : Data, No. of bytes specified by byte count 

Checksum : Two’s Complement of the sum of all the bytes in 

the line. 

e.g. :0800000000FE929292820000FDC2 ‘E’ 
:08000800000202FE02020000FFEA ‘T’ 
:08001000000082FE82000000FFE6 ‘I’ 
:00000001 FF END OF FILE 
(last line, always the same) 

Note: Ensure there are no extra characters after the checksum. 


Construction 

Construction of the PCB is fairly straight forward and 
Figure 3 shows the component overlay. The main thing to be 
careful about is the placement of the numerous links. These 
must be put in place first, as some of them go under ICS. Also 
make sure that all the links are insulated, as some are close 
together. Next, solder in place all the resistors and diodes, 
followed by the ICs and transistors. All the ICs can be 
mounted in sockets if desired, but [C5 (the EPROM) must be, 
as it will probably need to be removed several times. The 
regulator, IC7, requires mounting on a small heatsink, which 
can be directly mounted to the regulator with some heatsink 
compound, If the heatsink is close to any of the component 
leads, use an insulator and mounting kit to isolate it. Do not 
mount the regulator too close to the board or the heatsink will 
foul against IC5 (if it does, bend back or cut off the bottom 
fin of the heatsink). D5 is soldered on the reverse of the PCB 
across the regulator’s input and output terminals. 

Figure 4 shows connections to the switches and 
potentiometers. When connecting the microphone, check the 
connections with the microphone you have bought. The PSU 
components, i.e. transformer, C10 D3 and D4, are not 
mounted on the PCB and all connections to these should be 
suitably sleeved. Take care that all the usual mains precau- 
tions are observed when mounting the components in it’s 
enclosure. Alternatively, the circuit can be powered from an 
external 9V DC supply that can supply greater than 300mA. 
Simply connect the supply to the +ve and OV inputs on the 
PCB. This method may be preferred if the circuit is to be 
operated by children - it removes the mains hazard and 


ETI OCTOBER 1993 


2 1 
TO 25 WAY 'D-TYPE’ CONNECTOR 


(TO DISPLAY VIA CONNECTOR) 


Fig.4 Interconnections 


reduces the size of the control box. 

Figure 4 also shows the connections to a 25 way D Type 
connector. Obviously any pins on the connector can be used 
as long as the rows and columns match up on the control box 
and on the display. You may even wish to omit the connector 
and take a ribbon cable directly to the display, although the 
connector is recommended. 


Display 

The 64 LEDs are mounted on a thick piece of black card, 
within a small picture frame as shown in Figure 5. Any 
picture framing shop will make the frame for you, A plastic 
face will give more room for the LEDs than would glass. The 
card should be cut to size, to fit the frame and then the 
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Fig.5 Construction of Display 


HOW IT WORKS 

Refer to the circuit diagram. Operation of the circuit is quite straight 
forward. The display is simply an 8 <8 array of LEDs, the anodes in each 
column and the cathodes in each row are commoned together. An 8k 
EPROM, IC5, contains all the display information, which is output to the 
display under the control of the other circuitry (the memory organisation 
is explained in the Principles of Operation). 

The address of the EPROM and hence the display data, is 
generated by 3 counters. IC3a is configured to count from 0 to 8 which 
generates AQ-A2. It is this counter which generates each individual 
picture frame. IC6 decodes the output from this counter to select the 
correct column of the display for any particular address. The counter is 
clocked by a simple oscillator generated by IC3. Note that the frequency 
of this oscillator has been selected to be fast enough to prevent the 
LEDs flickering, but slow enough to limit shadowing. 

1C4 counts from 0 to 64 to select each of the 64 frames in tum. This 
counter is clocked from one of two sources, The first is the ‘auto_clk’, 
which is an oscillator generated by IC1d. Its frequency is altered by RV1 
allowing the speed of the sequence to be altered. The other source is 


positions of the holes marked out on the rear of the card. Next, 
carefully drill the 64 holes (diameter to suit the clips that are 
used), When all the holes have been drilled, any ragged card 
round the holes can be tidied up with a scalpel or sharp knife. 
The LEDs and clips can then be put in place on the drilled 
card - remember to align all the anodes and cathodes, as 
shown in Figure 5 (note the cathode is normally identified by 


the ‘sound_clk’. Here, the signal from a small microphone is amplified 
by Q1, Q2 and associated circuitry. The resultant signal is fed into IC 1b, 
to generate better defined pulses which are fed into the counter. The 
counter will therefore respond to the surrounding sound. 

IC3b generates the last 4 address bits, A9-12, which determine 
which of the 16 sequences is selected. This counter, can be clocked 
from one of two sources. Firstly from a manual switch, SW3. IC1a, C4, 
R8 & RQ form a simple debounce circuit so that one pulse is generated 
each time the switch is pressed (this works because IC1 has Schmitt 
inputs). Alternatively, the sequences can be incremented automati- 
cally. A8 toggles once every sequence, this is used to clock IC2 which 
effectively divides this down by 16, 32 or 64 dependent upon the position 
of link_1, hence each sequence is displayed 16, 32 or 64 before 
advancing to the next one. 

The output transistors provide the necessary drive to power the 
display. The LEDs are actually driven at a higher lavel than normal 
(30mA), which is acceptable because they are on a 12% duty cycle. 


the flat on the side of the body). 

When all the LEDs are in place and correctly lined up they 
can be connected as shown. All the cathodes in each row are 
connected together and all the anodes in each column are 
similarly, connected together. Take care that neither the rows 
nor columns can be shorted together. Also, take care not to 
weaken or break any LED legs, if you have to bend any. 


pet 


When the circuit has been tested and found to be correctly 
working, the back of the ‘picture’ can be coated in silicon 
rubber (the clear type used to seal sinks, windows, etc. works 
well). This will help:to hold all the LEDs in place and will 
also stop accidental shorts. 

Note that the LEDs used should all be of the same type. 
The best way to get LEDs of matched brightness and colour, 
is to buy all the LEDs from the same supplier at the same 
time. Beware of bargain packs as they may contain different 
types. It is also best to use bright diffused LEDs with a wide 
viewing angle. 

The suggested connector is a 25 way D Type. Using an 
IDC type simplifies the connections required. Although only 
16 conductors of the ribbon cable are needed, the other 9 
conductors can be glued to the back of the picture to prevent 
straining the other wires. 


Testing 

Before testing can start there is one option which should 
be set. The position of LINK_1 determines the number of 
times each sequence will repeat when in auto increment 
mode. In position 1, each sequence will repeat 16 times, in 
position 2, 32 times and 64 times in position 3. The link 
should be soldered in whichever position you wish (initially, 
for testing, it does not matter). 

To test the circuit, connect the PCB up to an external 9V 
PSU (so you can poke about without worrying about the 
mains voltages). With a programmed EPROM in place and 
the display connected, turn the power on. Hopefully some- 
thing will appear on the display, with SW2 in the manual 
position. Press SW3 a few times to advance the sequences (if 
you have not filled your EPROM this may be necessary, until 
you find a valid sequence), Assuming you have something on 
the display, with SW1 in the AUTO position, a valid se- 
quence of pictures should be displayed. Altering RV1 should 
change the speed at which they are displayed. With SW] in 
the sound position, any sound close to the microphone should 
alter the display. RV2 should alter the sensitivity. If every- 
thing appears to be OK, the internal supply can be connected 
(if used) and the circuit can be put into it’s box and suitably 
secured, 

If everything is not OK, there are a few things to check. 
First check for the obvious - solder shorts, missing links, 
correct component orientation. If parts of the display do not 
appear to be working check the orientation of the LEDs. Ifthe 
pattern on the display does not make sense, check the row and 
column wires have been connected correctly and ensure you 
have a valid EPROM. If the sound circuitry does not work 
check the connections to the mic. are correct. 

A small amount of shadowing on the display may be seen 
under certain circumstances. This was not found to be a great 
problem on the prototype, but if you wish, there is a simple 
solution. The problem is caused because the output transis- 
tors cannot turn off quickly enough (Q3-10 seem to be the 
main culprits). A small diode (1N4148) should be soldered 
across the base resistors (R14- 21), the anode towards the 
transistors and cathode (stripe) towards ICS. This will cause 
the transistors to be turned off much more quickly. 

You may wish to alter the frame speed, i.e. the time 
between successive frames, although RV! gives a large 
amount of control. This can be done by altering C5 - 
increasing it’s value will slow the frame speed. 
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PARTS LIST 
RESISTORS 

Ri, 14-29 1k 

R2 

R3,5,7,10 

R11, 12,38 

R4,6,8 

R9 


Ri3 
R30-37 
R3g 
RV1 
RV2 


CAPACITORS 
C1 10,/16V elect 
C23 100n ceramic 
4,12 242 tant 


C5 330n min. poly 
C6 220n min. poly 
C7,8,11,13,14 
cg 


100n miniature poly or ceramic 
47 16V elect 
C10 1000W16V elect 


SEMICONDUCTORS 
(C1 4093 
\C2 4024 
(C3 74HC393 
4024 
2764-15 8K oo8 CMOS EPROM 
74HC138 
BC109C 
2N3706 
BC327 
1N4148 
1N4002 
7805 5V 1A 
LED1-64 — 5mm Red LEDs (high intensity preferred) 
MISCELLANEOUS 
2 terminal miniature electret mic 
2 x miniature SPDT toggle switches 
Miniature push switch 
TRi Transformer 6VA 0-9, 0-9V o/p. 
(or 9V extemal PSU >300mA o/p). 
1A fuse and panel mount fuse holder 
25 WAY D type socket 
25 WAY D type plug (IDE Type) 
64 Low profile LED clips 
Small T0220 heatsink (21°C/W) 
Box (150 x 90 x 60mm Approx.) 


Further Expansion , 

If you wish to experiment, the amount of memory could 
easily be expanded. A 16K EPROM could be used in place 
of the 8K, the additional address line A13 would come out on 
pin 26. If the track between IC4 pin 2 & 3 is cut and pin 3 
connected to the additional address line, the length of each 
sequence could be doubled, although the last 64 frames of 
each sequence would be offset by 8K (i.e. the first 64 frames 
of seq 0 would be at 0000 to 01FF and the last 64 would go 
from 2000H to 2FFF). Alternatively, the number of se- 
quences could be doubled by connecting A13 to the common 
pin of a SPDT switch with the other two pins connected to 0V 
and +5V. The switch would allow the upper or lower 16 
sequences to be selected. 

There are also 4 unused pads on the PCB. These are 
connected from A9 to A12. This allows the current sequence 
number to be decoded and displayed on a 7 segment display 
(with a little decoding). None of the above suggestions have, 
however, been tested. 


~ Anniversar 


AutoMate Mixer 


This month, Mike Meechan looks at Pots and Pans and just 
what they have to do with Routing 


t is a belief widely held by engineers and designers 
alike that on a desk, there can never be too few Aux 
Mixes (or FX Sends, or a Foldback Mixes as they are 
sometimes known). Some might go so far as to say that 
the number (or lack) of facilities in this particular region 
determines just how flexible (or inflexible, as the case may 
be) the whole of the desk is. 

The Aux Mix section is an area of the desk which lends 
itself readily to some form of AutoMation. The requirement 
for automation has arisen because of the pressing need, in the 
interests of space, convenience, and more importantly, 
economy, to share FX units between tracks. The engineer 
may mixdown each vocal track separately and during each of 
these operations, he may wish to add reverb, so the reverb 
unit might be connected to Aux Mix | output socket. Any 
channel requiring access to the reverb during mixdown 
would have its signal routed to the mix bus via the associated 
Aux Mix | Level pot - and perhaps an Aux Mix | Mute/ 
Unmute pushbutton - at the appropriate time. Perhaps, once 
a collage of almost-completed sounds had been built up, the 
FX might only be required for brief intervals, or perhaps on 
different channels in quick succession. Such an operation 
lends itself readily to implementation by the console automa- 
tion system, which itself may be under the direction of some 
kind of automatic time reference control (timecode), or 
manual time reference. : 

On a fully equipped Aux Mix module, there are a total of 
12 accessible buses. Aux.’s 1 - 4 are switchable Pre or Post 
Fade. These are also stereo FX sends, with each Aux Mix 
able to be panned across the pair of busses associated with the 
control. In effect, a stereo signal fed to an external FX unit 
can have the same spatial positioning as the channel, or a 
different one, for special effects. Within this particular group 
of Aux Mixes, number 1 is the most capable of the four. Not 
only is it able to be switched pre or post fader, but the output 
from the panpot is able to be routed not to Aux 1 Mix bus, but 
rather to the multitrack group routing matrix. The normal 
source assigned to the Group Routing Matrix (the Channel 
panpot) is disconnected in this instance, although routing to 
the main stereo mix busses is uninterrupted and available, as 
always, via the Mix pushbutton. In effect, this means access 
to a further possible 32 busses, with all of the attendant 
operational advantages, especially during those occasions 
where a lot of different foldback or monitor mixes are 
required (PA work, perhaps). 

Aux.’s 5-8 are post fade stereo pairs, able to access the 5/ 
6 pair, or the 7/8 pair, or another pair - 9/10 in the instance 
of 5/6, and 11/12 in the instance of 7/8. Each of the six pairs 
of Aux Mixes on the AutoMate channel architecture can be 
muted or unmuted by the console AutoMation system (if this 
is fitted). AutoMated control can be overridden manually 
with local, strip-mounted pushbuttons. Even on a non- 


automated console, it is still possible to properly mute any of 
the twelve Aux Mixes as a pair. 

Although proper muting and turning the rotary level 
control to zero would seem to be doing the same thing (i.e. 
reducing the channel’s contribution to that Aux Mix bus to 
zero), they are completely different in their electrical opera- 
tion and subsequent effect. Muting in the correct sense of the 
word means physically disconnecting the bus driving resistor 
from the mix bus, whereas moving the level control to zero 
merely attenuates the channel contribution. 

Ah, you may say, but surely this has the same subjective 
effect, in that each method removes the unwanted signal 
(associated with that channel) from the bus. This is partially 
true, but it misses the point of most importance, and unfor- 
tunately, it is a common misconception shared by engineers 
and designers alike. Insofar as the channel signal is con- 
cerned, both are similar, but with the mix bus, the two most 
definitely do not achieve the same effect. 

To understand the basic electrical differences between 
muting and attenuation, we need to refer to something said 
way back in the past (Part 4). Consider Figure 1a. On the face 
of it, the first two achieve the same electrical effect - isolation 
of signal input from mix bus -with Figure 1b scoring in the 
added convenience stakes by providing the facility - a switch 
- to turn the signal send on and off from the mix bus at any 
desired level. Many mixers use this technique in so-called 
muting circuits, so what is wrong with it? 

Consider Figure 1a once more, since it is a not untypical 
arrangement, with 36 or so channel inputs all able to contrib- 
ute to a particular Aux Mix bus (which we’ll call Aux 1, for 
arguments sake). We’ ve also just recently bought two thou- 
sand quids worth of all singin’, all dancin’ digital FX gizmo 
which, quite naturally, we want to use on many parts of the 
final mix. We connect its input to FX Send | (Aux 1 Output), 
connect its output to the FX Return, turn Channel 1 Aux Mix 
| Level control up and start the tape machine, with Track 1 
replaying through Channel | - it’s an in-line desk. The vocal 
ends and we suddenly think, “Wait a minute, where’s that 
hiss coming from.” We check the FX manufacturer’s spec. 
sheet which quotes noise and distortion as being -90 down on 
OdBu. We know from experience that the hiss isn’t -90dBu 
- more like -60dBu. We mute (or turn down) Aux Mix 1 on 
all of the channels and the hiss is still there, so it can’t be 
coming from the channels. Hey presto, unplugging the FX 
unit from the FX Return socket causes the noise to disappear. 
QED. Must be a noisy FX unit, or a manufacturer quoting 
some distinctly unrealistic figures in the spec. sheets - ad- 
man’s euphemism for lying - or both? Not necessarily... 

Pause to consider the mix bus at this time. We have 36 
paralleled Rs’s and one Rf. All resistors are equal in value, 
so it’s unity gain for each of the individual contributions to 
the mix bus, and a gain of 36 for any composite signals 
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CROSSED PAIR OF 
DIRECTIONAL MICROPHONES 


A, CROSSED MICROPHONE RECORDING - IDENTICAL SIGNALS REACH BOTH 
MICROPHONES AND GIVE EQUAL OUTPUTS 


SOUND ENTERS THIS MICROPHONE € 
FACE TO PRODUCE A HIGH OUTPUT cea a 


LOW 
LEVEL 


SOUND ENTERS THIS MICROPHONE OBLIQUELY 
TO PRODUCE A LOW LEVEL OUTPUT 


B, CROSSED MICROPHONE RECORDING - THE OFF-CENTRE RECORDING 
CAUSES UNEQUAL OUTPUTS 


Fig.2 Crossed mic. recording 


present on the bus. Surely there are no signals on the bus, 
since everything has been turned down or off? On the face of 
it, this would seem to be the case. Nevertheless, something 
is there and it gets amplified up - from -100dBu, say - by a 
factor dependent upon the number of paralleled resistors 
presented to the bus at a given time. It is then stuffed out, 
through the FX unit and back into the mixer at -70dBu (where 
it’s audible) - regardless of the excellent specification of 
the FX unit. In our case, it will always be 31dB since the 
36 bus driving resistors are permanently connected to 
the bus and the summing amp must always see 1/36 
times the value of Rs. 


Art of noise 

What is this phantom plague of mix busses. Noise. 
Consider this scenario next time you blame an FX unit 
for excess noise. Figure lc shows a way of eliminating 
this unfortunate noise amplifying phenomena. Turning 
a channel FX Send Off completely disconnects the 
associated bus driving resistor from the bus, so it doesn’t 
appear as part of a parallel combination of any other bus 
driving resistors. Unless that particular channel is con- 
tributing to the bus, potentially noise-amplifying resis- 
tors are not connected. Furthermore, the noise needn’t 
come from any, or all, of the sources. Noise on the 
ground or earth reference for the mix bus is just as likely 
a culprit, and contingency measures - outlined in Part 5 
- must be taken to prevent ground noise ruining console 
performance. 

This is the principle behind the AutoMate muting system 
and is employed on every mix bus. It’s a principle which is 
applicable where the virtual earth mixing process is con- 
cemed. Here, gain for each signal input to mix-amp output is 
unity, regardless of how many individual resistors are present 
as a parallel combination at the virtual earth of the op-amp. 
It does not, extend to every mix bus in existence in every 
console, so if your console suffers in this aspect, it’s not just 


a simple matter of a few two-minute modifications. 

As far as the AutoMate muting is concerned, the manual 
version of the Aux Mix routing system does this by discon- 
necting the bus driving resistors from the bus via a mechani- 
cal, level pot backstop-operated switch. Similarly, the auto- 
mated versions use FETs to isolate the resistors from the bus. 
Because four pole single throw switches aren’t generally 
available fitted to the backs of potentiometers (which, from 
a cost point of view, is probably just as well), the manual 
version features non-balanced mix busses. 

We’ ve discussed at some length the many diverse routing 
requirements of the various types of desk - monitor, record- 
ing and broadcast - and illustrated the subject with examples. 
The one aspect which every routing has in common has been 
the centralised theme of the last few months - the switch. 
Before we leavé the subject of routing, it’s probably wise to 
look at one final area, although, strangely, there isn’t a switch 
in sight. This is the panoramic potentiometer, to give it its 
rather grandiose full title, or pan-pot, as it’s better known. 

The routing of a signal, using a pan-pot, comes under the 
general heading of Spatial Localisation Processing. Since the 
early pioneering days of the stereo recording, there has been 
the need to position signals in a sound-stage of one sort or 
another. There is no such requirement when recording in 
mono, since there is no spatial localisation information 
available from this format. However, with modern stereo and 
the so-called multi-dimensional systems the engineer is 
capable of placing a particular source of sound anywhere 
along an imaginary straight line between the two speakers. 

Where a recording is made direct-to-stereo (that is, 
captured using a stereo pair, either coincident, M and 8, XY, 
or whatever), the placing both of the microphones and of the 
musicians determines the relative level of each sound source 
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"3db DOWN-AT-CENTRE’ POT PAN LAW. THIS GIVES CONSTANT 
LOUDNESS FOR A SINGLE SOURCED PANNED ACROSS PAIR 
OF SPEAKERS 


Fig.3 Constant loudness pan pot law 


across the stereo image. 

Two sound channels are the minimum required to achieve 
the stereophonic effect. This is not an accurate replica of the 
original sound field, as it might have been heard at the 
original venue, but an illusion or sensation of spatial distri- 
bution which enhances the apparent reality of th 
material. Although it might seem impossible to achieve an 
acceptable stereo effect with just two channels and two 
loudspeakers, since the ear can hear sounds coming from all 
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directions, our ears, using level and phase information, are 
deceived sufficiently by pure level distances between the left 
and right paths of a stereo pair into perceiving changing 
image position. From this, we are able to determine where 
within this image a particular source lies. 

Stereo information is derived and captured using this 
technique shown in Figure 2. It is referred to as the coincident 
pair, or Blumlein pair, and modern examples use a pair of 
identical directional microphones placed as nearly as possi- 
ble in the same point in space. There is minimum time-of- 
arrival difference at the two capsules and the whole of the 
directional (stereo) information relies on the controlled 
difference between the two mic. outputs. 

In essence, this is the only genuine stereo recording, with 
all of the instrument placements captured on tape exactly as 
they were live. 


Synthesising Sound Placement using 
Level 

Intuitively, the design of a control to position an image 
anywhere across the stereo field might seem like a fairly 
trivial task. In practise, this is seldom the case. The primary 
reason is mono compatibility. Although mono has tradition- 
ally been associated with old recordings and out-of-date, 
low-technology equipment, for many listeners, mono still 
forms the backbone of their enjoyment of recorded music. 
Mono radios are still in abundance and just because a track 
has been mastered using state-of-the-art digital mixing desks 
and recorders, doesn’t necessarily mean that it won’t end up 
as part of a programme which is then broadcast on short-wave 
to one of the far-flung corners of the globe. Mono compatibil- 
ity is of primary importance in every aspect of recording and 
broadcasting. 

Consequently, the pan-pot must achieve a respectable 
stereo effect whilst leaving the mono signal untouched, or 
relatively untouched. Since potentiometers play an integral 
part in the system, it is not surprising that the curve which 
describes the characteristic of the pan-pot is known as the 
‘law’. Two basic laws are constant power and constant 
voltage, and they describe the way in which the control, 
across its travel, acts in dividing the mono input signal 
between the two output channels, and whether or not the sum 
of the two is constant across this travel. 

A relationship was established between the proportion of 
signal level fed to two loud speakers and the apparent 
position of the sound source (see Figure 3). If the levels to 
right and left are controlled according to these curves, the 
power outputs from the two speakers will remain constant. In 
this way, a source panned from one channel to the other will 
not cause any apparent change in the level of loudness. This 
relationship equates to a sine/cosine law and, when desks 
were fitted with rotary stud faders et al, a double stud 
potentiometer (with precision resistors connected, as far as 
was practicable, to each of the studs), was commonly used to 
teproduce the desired law. 

This ‘3dB-down-at-centre’ law, as it is known, whilst 
causing a constant acoustic level from a pair of loudspeakers, 
causes some strange effects if the two identical -3dB signals 
are summed further down the signal chain. The resultant 
mono output voltage will be doubled, with the ultimate mono 
output from the system some 3dB higher with the pan-pot 
central than with it routing the signal to one side. A stereo 
signal summed to mono in a playback system suffers from the 
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A, PAIR OF GANGED, COMPLEMENTARILY - WIRED LINEAR POTS (OFTEN USED AS CHANNEL PAN-POT) 


~~ ee 

B. PAIR OF GANGED, COMPLEMENTARILY - WIRED LOG POTS (1dB DOWN AT CENTRE - OFTEN USED 
AS MULTITRACK ODDS/EVENS ROUTING CONTROL) 

Fig.4 Log and fin pots configured as pan pots 


same problem. Incorporating a 6dB loss at the mid-point 
would correct this, at the expense of an apparent dip in level 
in the centre when on stereo. Somewhere between these two 
extremes lies a theoretical happy medium. Here, the signal 
will keep an even subjective level panning across the image 
plane. The amount of loss has been the subject of debate and 
controversy for many years, with proponents of the values 2, 
3, 4 or 4.5 all arguing the case. Mono is most important in a 
broadcasting environment and here a compromise value of 
4.5dB is often used. 


Pots and Pans 

An example of what is probably the simplest of all pan- 
pots is shown in Figure 4a. Here, a ganged pair of linear 
potentiometers have complementary connections made to 
their tracks, such that as the output level from one increases, 
that from the other decreases. This type doesn’t suffer from 
the drawback outlined above, since re-mono-ing the signals 
yields an output which remains at constant amplitude, re- 
gardless of pan-pot setting. However the subjective effect is 
one of too much loudness at the extremes of pot travel and 
diminished output in the middle. 

Figure 4b shows a derivation of the simple type, with the 
linear law pots replaced by a pair of log/anti-log types, again 
ganged and complementarily wired. Panning right achieves 
a steady decrease in the level of the left output, with the nght 
output remaining fairly constant in level. When the control is 
central, both outputs are attenuated only slightly with respect 
to original mono input. Subjectively, the image seems louder 
in the middle than it does at the extremes of settings, which 
is the opposite of the effect when linear pots are used. This 
kind of circuit is often implemented as a multitrack routing 
pan-pot, or as an offset control. Tracking between both 
halves of the pot is often not too good - certainly not as good 
as with a linear pot - because it is much harder both to 
manufacture the log law to accurate tolerances and to retain 
relatively low cost. 
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here are two common problems with continuity 
tester designs. One is simply that many testers 
indicate continuity when there is actually a signifi- 
cant resistance across the test prods. What is 
supposedly continuity can sometimes be resistances of up to 
a few hundred ohms. Also, many designs are ‘fooled’ by 
diode junctions. Such junctions are not just present in diodes, 
but also exist in transistors and integrated circuits. In fact 
modern circuits are liberally scattered with hidden semi- 
conductor junctions that will give mis- 
leading results with any continuity tester 
that is not designed to ignore them. 
The second problem is that of high 
currents flowing through the test cir- 
cuit. Most continuity testers consist of 
an audio oscillator driving a loudspeaker, 
with the test prods connected in series with the 
battery supply. The full supply current of the 
continuity checker therefore flows through the 
test circuit. This is fine if the circuit is designed 
to consume no more than a few milliamps, but 
could cause damage to delicate integrated cir- 
cuits if currents of 50mA or more are allowed to 
flow. 
The continuity tester featured here avoids both problems. 
It has two sensitivities, one which requires a test resistance 
of less than 10 ohms before the audio tone is activated, and 
one which requires a test resistance of just a fraction of an 
ohm. This second mode is useful when testing circuits which 
contain very low value resistors and (or) small inductors 
which exhibit low resistances. When set to either sensitivity, 
diode junctions will not ‘fool’ the unit into producing false 
indications of continuity. The current flow through the circuit 
under test is a mere 4mA or so, which is too low to damage 
any normal components. 


Cover PCB 
Project 


System Operation 
This continuity tester uses the basic arrangement shown 
in the block diagram of Figure 1. The operational amplifier 
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A piece of test gear that 
no experimenter should 
be without. A design by 
Robert Penfold 


is used here as a voltage comparator. If the non-inverting (+) 
input is at a higher voltage than the inverting (-) input, the 
output will go high. If the inverting input is at the higher 
voltage, the output will go low. The output of the comparator 
controls a gated audio oscillator which drives a small loud- 
speaker. Strictly speaking, the oscillator is a complement 
gated type and it is therefore switched on when the control 
signal is low, and switched off when a high contro! level is 
received. 

R2 and R3 form a potential divider across the supply rails. 
Their function is to provide a reference voltage to the 
inverting input of the comparator, R1 takes the non-inverting 
input to the full supply voltage under standby conditions, 
which in turn sends the output of the comparator high. Thus 
the audio oscillator is gated off under standby conditions. 

Connecting a true short circuit across the test prods 
results in the non-inverting input being taken to OV and it is 
then at a lower potential than the inverting input. This results 
in the comparator’s output going low and the audio oscillator 
being activated. Of course, it is not essential to have zero 


Fig. 1 Block diagram of continuity tester 


resistance across the test prods in order to activate the unit. 
The resistance here merely has to be low enough to take the 
potential at the non-inverting input below that at the invert- 
ing input. Just what constitutes a low enough resistance to 
achieve this depends on the values of R1 to R3. 

Unlike many continuity testers, this one does consume 
power when the test prods are open circuit, so on/off switch 
SW2 is therefore needed. Under standby conditions, the 
circuit has a current consumption of only about 3mA, but the 
consumption rises to about 8mA when the unit is activated. 
A PP3 size battery is adequate as the power source. 


Construction 


The component overlay for the printed circuit board, plus 
the small amount of hard wiring, is shown in Figure 3. Both 
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the integrated circuits are MOS types and, ac- 
cordingly, they require the normal anti-static 
procedures to be observed. The most important of 
these is to use holders for the two integrated 
circuits. They should only be fitted into their 
holders once the unit has been completed in all 
other respects. Both devices should be left in the 
anti-static packaging until then. 

In other respects, construction of the board is 
extremely simple. Single-sided solder pins are 
fitted to the board at the points where connections Fig. 2 Practical circuit 
will eventually be made to off-board components 


such as LS] and SW1. The tops of the pins should HOW IT WORKS 

be tinned with a generous amount of solder. Unusually for In the practical continuity tester circuit of Fig.2, IC1 is the 
modern components, some solder pins seem to be reluctant comparator. The reference voltage to the inverting input of IC1 is 
to take a proper coating of solder. If this should occur, clean provided by R1 and either R2 or R3, depending on the setting of SW1. 


the pins by scraping them with the blade of a penknife, prior For the moment, assume that R3 has been selected, which places 
to tinning them. the unit in its high resistance mode. This gives a reference voltage 
that is only about 1/220th of the supply voltage, approximately 
40mV. Ré4 biases the non-inverting input to the positive supply rail 
and the important point to note here is that its value is only 1/100th 
of Rt’s value. Therefore, the resistance across the test prods must 
be 1/100th the value of R3 (10 ohms) in order to balance the input 
voltages to C1. The resistance across the prods must be fractionally 
lower than this in order to activate the audio oscillator. 

For general purpose testing, this gives good results, Few circuits 
contain many resistances that are below 10 ohms, so there should 
be few false alarms. On the other hand, if dirty printed circuit tracks, 
or something of this nature, should produce some less than perfect 
electrical contacts with the test prods, this should not be sufficient 
to prevent the device from being activated property. Silicon diode 
junctions will not produce misleading results either. Less than about 
40mV must be present across the test prods in order to activate the 
alarm. The voltage drop across a silicon diode is over ten times this 
figure. There is no danger of the unit producing high currents which 
would damage the circuit under test. Ré limits the current flowing 
through the test prods to a safe level of about 4mA. 

The circuit operates in much the same way in the low resistance 
mode. SW1 is then set to select R2. This reduces the reference 
voltage at the inverting input by a factor of around ten times, since 
The case for the prototype is a small plastic box, which R2 has a resistance which is only 1/10th of R's resistance. The main 

practical consequence of this is that the resistance across the test 
prods must now be less than 1 ohm (i.e. 1/100th of R2's value) in 


Fig. Component overlay 


has approximate outside dimensions of 110 o¢ 56 c¢ 20mm. It 


is unlikely that the unit could be fitted into a case which is order to activate the tone generator. If desired, the value of R2 could 
significantly smaller than this in any dimension. The printed be made lower, in order to make the maximum acceptable test 
circuit board is mounted on the rear panel, well towards one resistance lower as well. 

end of the case, using 6BA or metric M3 fixings. The battery In practice, it is probably best not to use a value of much less 


fits into the space at the opposite end of the case, leaving than 100R. Firstly, bear in mind that there will be a certain amount 


room for SW1 and SW2 in the middle section of the case. The tape _ se if sicls made hi pe 

, s ing, thi sufficient to preven opera perly. 
sees are mounted on the Front Panel Hid OF Mme CaS [Alo bear in ming that t might sometimes be dffct o get rely 
must a cased ceramic resonator which is intende good electrical contacts between the test prods and the printed 
for screw fixing to a case (not an uncased element or a cased circuit tracks, etc., in the test circuit. Even with R2 at 100R, bad 
type intended for printed circuit mounting). Most require two contacts could easily result in misleading results unless adequate 


small (M2 or 8BA) fixing screws. A third small hole is care is exercised when using the unit. The audio oscillator is a simple 
needed in the case to accommodate the resonator’s two flying pie saehiinntaateceecana rte ss esp shears 
leads. LS| is mounted towards the right hand end of the front 9 simply wired tothe posive supply oo ome contig feos oa 
panel, in front of the circuit board. The resonator itself can be around 700Hz, which is too low to give peak efficiency from LS1. This 
used as a template when marking the positions of these three component is a cased ceramic resonator. In this application a tone 
holes. Note that LS1 must be a ceramic resonator and that this of moderate volume is all that is required and it would be undesirable 


circuit can not drive a moving coil loudspeaker. The test to use a higher frequency that would give a powerful tone from LS1. 
prods could be connected to the circuit board via a pair of 
plugs and sockets, but it is advisable to use direct connection 
to the circuit board. This ensures that the prods will be in Complete the unit by adding the small amount of point-to- 
really good electrical contact with the circuit board, whichis _ point wiring. This is very straightforward and should present 
essential ifthe unit is to operate properly inthe lowresistance _ no difficulties. Although most ceramic resonators have one 
mode. An entrance hole for the test leads is drilled in the red Jead and one black lead, LS1 can in fact be connected 
centre of the right hand end panel of the case. either way round. 


Testing And Use 


With the unit switched on and the two test prods con- 
nected together, the audio generator should be activated, 
regardiess of SW1’s setting. With SW1 set to the high 


resistor should result in the tone generator being activated. 
In normal use it is probably best to use the high resistance 
mode. The unit is not easily ‘fooled’ when in this mode, and 
something less than really good connections to the test circuit 
will give satisfactory results. The low resistance mode is 
better when the circuit under test is known to contain a lot of 


low value resistors, small inductors, RF transformers, etc.. 
However, when using this mode it is essential to ensure that 
the test prods make good contact with the test circuit. 


resistance mode (i.e. 
R3 selected), the au- 
dio alarm should be 
activated if a 4R7 re- 
sistor is connected 
across the prods. 
However, changing to 
a 22R resistor should 
not give a response 
from the unit. Withthe 
tester set to the low 
resistance mode (i.e. 
R2 selected), con- 
necting the 4R7 or 
22R test resistors 
across the test prods 
should fail to activate 
the audio tone gen- 
erator. Using a 0R47 Bi 


C1 


$1 


PARTS LIST 
eng (0.25W carbon film) 


CAPACITORS 
11 63V radial elect 


C2 22n polyester 


SEMICONDUCTORS 
(C1 CA3140E 
IC2 4046BE 


MISCELLANEOUS 

SPDT sub-min toggle 
$2. SPST sub-min toggle 
LS1 Cased ceramic resonator 
QV (PP3 size) 

Printed circuit board 

Case about 111 0057 «22mm 
8 pin dil holder 

14 pin dil holder 

Test prods and leads 

Wire, solder 


TEST and MEASURING INSTRUMENTS 


Multimeters 
183, 3.5 digit LCD; DC V, AC V, DC A, ACA, 
Res. Cont. Hold, Basic acc. 0.5% £39.50 


185, 3.5 digit as 183 plus Bar graph, Temp. 
Frequ. Max/Min, Edit Basic Acc. 

0.3% £74.50 
187, As 185 but Auto Range £99.50 


285, As 185 plus 4.5 digit True, RMs £109.50 


Oscilloscopes 


CO 1305, DC to 5MHz Singie 
channel £169.00 
CS 4025, 20MHz Dual! trace full 
featured £330.00 
CS 5170, 100MHz Dual, Cursor 
readout £1159.00 
CS 6040 150MHz, 4 Chan. Full 


Featured £2049.00 


SP-1000 £299.00 


Eprom Programmer/Emulator 


Stand alone or PC hosted. 

Fast programming/downloading. 
Manufacture specified algorithms. 
Large device support.. 

Easy to drive. 


£299.00 
£149.00 
£29.00 


SP-1000 Programmer/Emulator 
4M Bit option 
PC Software package 


Counters, Generators Oscilloscopes, Power Supplies, Multimeters, Clamp Meters, L.C.R. Meters 
Programmers/Emulators, Multi-Instrument, Video and Audio Test, Probes and Accessories. 


For further information 
please contact: 


SAJE 


ELECTRONICS 


SAJE Electronics 
117 Lovell Road, Cambridge, CB4 2QW 
Tel: (0223) 425440 Fax: (0223) 424711 
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An easy to 
construct switcher 
for the kids, by 
David Silvester. 


ather Christmas was rather generous to my 

sons last year, as we acquired a Sega 

Megadrive games system - along, | suspect, 

with a rather large proportion families. For 

most games, the joypads supplied with the unit are fine 

but for those of us who find that after a while you get 

thumb ache, or when playing flight simulator games, 

a joystick or touch-sensitive joypad is better. Fine you 

Z say, just plug in the one you want, which is all very 

well, but in a short time the sockets will wear and you 
will get problems. 

However, all is not lost. Luckily, the Sega system 
appears to use a standard 9 pin D connector for the 
joypads. The answer is to use a switchboard to select 
the joypad or joystick as required. The problem is that 
no-one makes one. Centronics parallel and 25 way 
RS232 switchboxes, yes, but 9 pin D type connectors 
- no way, well not at a sensible price anyway. At this 
point I started to consider whether such a simple item 
really constituted a project, but it was my wife who 
said “If you can’t buy it, then it will be of interest”. In 
addition, the switchbox suggested here is suitable for 
use with a standard 9 pin RS232 output as found on 
most IBM compatible personal computers. 


Construction 

Unlike most of the projects in ETI, there is no How 
it Works section, as the use of a 10 way change-over 
switch to change over 9 signal lines is just too simple. 
With the D connectors, the outside pair must be of the 
same type (either male or female), while the centre one 
is of the opposite type. ‘ 

Initially open the case and check that the PCB will fit on 
the small support studs. The PCB is a tight fit, it will nearly 
touch both the front and back aluminium panels in the box 
and it is easier to check at an early stage. If there is a problem, 
the PCB will need to be filed until it fits, but be careful not 
to damage any of the tracks, Next, check the position of the 
six small supports and mark the PCB where the mounting 
holes have to go, then drill the holes. There are six screws 
supplied with the box that fit the supports. 

Figure | shows the PCB layout. To save cost, the PCB is 
single sided and uses link wires on the component side for the 
other connections. Fit the bracket to the switch and add the 
push button. Following Figure |, mount the switch, the 9 pin 
D connectors (remember - outside pair the same type) and the 
link wires. 

The box chosen is symmetrical top and bottom except that 
the bottom has holes for the securing screws. Take the top of 
the box and insert the front and rear panels back to front, i.e. 
with the surface that does not have the protective coating on 
the outside, Then leave it upside down. Fit the completed 
PCB into the box bottom. Since the two box halves are the 
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Fig.1 Component overlay 


same size, by placing the top and bottom 
together on a flat surface it is easy to mark 
the front and rear panels where the switch 
button and D connector holes should go. 
Drill a small hole then use an abrafile or 


PARTS LIST 
10 pole switch — Cirkit Code 53-77010 
Switch bracket  Cirkit Code 53-75100 
Switch button — Cirkit Code 53-11509 


aholesaw to cut out the correct size holes. ABS Case Cirkit Code 21-15992 
Remove the PCB from the lower box D female Cirkit Code 10-62247, 
section, place the holes cut out over the D male Cirkit Code 10-62248 
switch and the D connectors and, if all is Screws for D connectors 


well, then the PCB can be refitted into the 
lower box half with the panels fitting into their 
slots. It may be necessary to ease open some of the 
holes with a file to make everything fit correctly. 
Lastly, mark the position of the mounting screw 
holes for the D connectors, dismantle, drill the 
holes and reassemble with filing screws. 


Conclusions 

I think you will agree that the box is a simple 
but useful connecting box and it was certainly 
worth the effort in our case. I hope you think so too! 


BUYLINES 

When ordering the D con- 
nectors you will need two of 
one type and one of another. 
Since they are low cost items it 
is possibly easier to buy two of 
each rather than find you have 
made a mistake when the parts 
arrive. The saving in postal 
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ince the advent of the power MOSFETs, the popu- 
larity of the transistor amplifier for high-fidelity 
applications has somewhat declined. Is it possible to 
improve the performance of the bipolar transistor up 
to the point where it can compete successfully with its 
MOSEET counterpart? Not quite, but as the specifications of 
the present design show, the performance can be lifted a good 
deal above the average, without the use of unduly compli- 
cated circuitry. During the design of a MOSFET amplifier, I 
made some inquiries into the’ behaviour of the high-fre- 
quency response and distortion with respect to phase-fre- 
quency-compensation networks. The results, presented here, 
were highly interesting: 

1. Any kind of phase-frequency compensation, in order to 
ensure unconditional stability in a feedback amplifier, will 
increase harmonic distortion in 
the upper frequency range. 


SPECIFICATIONS 


Nominal power output: 50 Watt 2. Increasing the gain of the 
| Sensitivity: 600mV pre-amplifying stages will give 
| SignaVnoise ratio: -106dB (90) a higher feedback ratio, but the 
-| Feedback factor: 60dB +/-2dB expected reduction of harmonic 


Harmonic distortion: 

10 Watt: —1kHz :0.006% (hum and noise included) 
10kHz :0.03% (2.9mV) 

1kHz :0.016% (3.2mV) 

10kHz :0.033% (6.6 mV) 

Efficiency (50W) 58% 


distortion will be lost again, 
owing to the need for heavier 
compensation. Besides, it will 
become more and more diffi- 
cult to avoid random oscilla- 
tions. 

3. It follows, therefore, that 
unconditional stability in a feedback amplifier should de- 
pend essentially on the inherent properties of the circuit. This 
implies that stability must be guaranteed at all signal levels 
and frequencies, with all kinds of waveforms and with 
inductive loads. 


50 Watt: 


Up-Grading a 
- Transistor Amp 


lifter 


Fig.1 The Cascode circuit 


The Case For The Preamplifier 

The requirements for a preamp may be summarised as 
follows: 

a) High amplification factor 

b) Linear response within the audio-frequency range 

c) Low harmonic distortion. 

Feeding the input stage and the driver from a current 
source and using current mirrors as load resistances, it is 
possible to obtain amplification factors up to 150,000. Unfor- 
tunately, there will be a considerable loss of high frequencies 
and an unfavourable degree of phase-shift, which will make 
stability a major problem. Several compensation networks 
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by L.Boullart 


} 


BCS550C 
BF245A 
BCS60C 
BD140 
8D139 
BOTS 
BOT64 
1N4148 

12V ZENER 
3.9V ZENER 


NOTE: 
Q1,2,7 
a3 


Fig.2 Main amplifier circuit 
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{7} €11,¢12, R17, R18 MOUNTED ON FOIL SIDE OF BOARD 


Fig.3 Component overlay for main amp 


will be needed, with the inevitable result of increased 
distortion and poor transient response. With less gain and 
better frequency response, these problems can be overcome. 
In this way, the overall feedback ratio could be reduced 
without ill effects on harmonic distortion and transient 
response. 

There is a device which will help us to reach our goal. This 
is the cascode circuit in Figure 1. Transistor Q1 has a 
common base configuration. The Miller effect is therefore 
eliminated and a high load resistance can be used. On the 
other hand, Q1 is loaded by the low input impedance of Q2. 
Together they make up a high gain stage with excellent high 


frequency response. 

Another important feature is the low distortion level, 
owing to the complementary characteristics of Q1 (common 
emitter) and Q2 (common base). The test results of the 
preamplifying part of the complete circuit (see Figure 2) are 
approximately as follows: : 


Gain 91dB (36000x) 
Frequency response -3dB at 18kHz 


Distortion 0.15% for 20Veff at 1kHz 
0.35% for 20Veff at 10kHz 


The Complete Circuit 

From the input, the signal first goes through the lowpass 
filter R2, C2, which attenuates supersonic frequencies above 
60kHz. QI and Q2 are a long-tailed pair, fed from a FET 
current sink Q3. A FET transistor is an excellent current sink 
because in the pinch-off region, drain current is almost 
completely independant of drain voltage. Q3 works a -12V 
tension by means of Zener diode ZD1; the trimpot RV1 is 
used to equalise the collector currents of Q1 and Q2. For a 
perfect balance, both transistors should have equal base 
resistance, hence the somewhat unusual value for R1. Total 
resistance for R| + R2 is 32k7, which will allow the use of 
anon-polarised capacitor for C1. But for C6 - which is also 
in the signal path - we have to choose an electrolytic; so we 
have included a polarisation network consisting of R9, C5, 
D1, D2. 

At first sight, the driver stage (Q4...Q7) looks like a 
symmetrical design. This is not the case: the upper part with 
Q4, Q5 is the cascode, whereas the lower half (Q6, Q7) is in 
fact a stabilised current source. Resistor R14 is used to 
polarise Q7. Because Vbe for Q7 is approximately 620mV, 
the fixed current of the complete stage is 620mV/56R = 
llmA, which will be more than adequate to provide the 
driving current for the output transistors. The voltage at the 
base of Q5 is stabilised by ZD2, R15, C9. Feedback is 
applied to the base of Q2 through R10. The gain of the 
complete amplifier is then determined by the ratio R10/R8 
(approx. 34). Since the initial gain (without feedback) is 
approximately 36,000, we have a feedback factor of 36,000/ 
34 U 1000 or 60dB. With this heavy feedback it becomes 
necessary to apply a small amount of phase/frequency com- 


pensation. This is taken care of by C7, from the collector of QS 
to the base of Q2. Values between 5 and 33p are suitable, 
depending upon individual parameters of the transistors in- 
volved, but 18p is a good compromise. The effect of C7 on 
audio frequencies is negligible, but its presence will ensure 
absolute stability. Power supply for the preamplifying stages 
is applied through R22, C16 and R23, C17 on the power 
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Fig.4 Component overlay for power supply 


+V2 
+Vi 


supply PCB. The use of separate 
decoupling networks gives a better 
signal to noise ratio as well as a 
small increase of music-power out- 
put. 

Q9 and Q10 as complementary 
Darlington emitter followers with a 
gain of less than 1; even so they are 
responsible for the major part of the 
distortion contents, hence the need 
for heavy feedback. Quiescent cur- 
rent for Q9 and Q10 is adjusted to 
60mA by means of RV2 together 
with transistor Q8. Power output is 
limited to SOW -still an awful lot of 
noise in the ordinary living room. 
Medium sized heatsinks for the 
power transistors can be used and 
mounted directly on the PC board 
without separate wire connections 
and without insulating accessories. 
Thermal stability is accomplished 
by screwing Q8 (BD139) firmly to 
the heatsink for Q9. Beware: the 
metal part of Q8 must be insulated from the heatsink with a 
mica washer! R17,C11 and R18, C12 are used to avoid self- 
oscillation. They should be mounted on the copper side of the 
board, as near as possible to the base of Q9, Q10. R19 and 
R20 consist of 2 x 1R at |W each, Do not use wire-wound 
resistors here. The usual Zobel network across the output 
consists of R21 and C13. 
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Practical hints 

The complete amplifier is mounted on a Eurocard-size 
epoxy PCB (100 x 160mm), half this size (100 x a is 
needed for the power supply unit. 

The heatsinks are type KL107/37.5 with dimensions 
70mm x 37.5 W. Other types for T0220 envelope are equally 
suitable, provided the temperature coefficient is below 3.2°C/ 
W. Of course, with larger heatsinks, the length of the board 
must be increased. The power transistors and their heatsinks 
must be fixed very carefully on the PCB; apply sufficient 
heat-conducting compound to the metal tab of the transistors. 

R17,18 and C11,12 are soldered on the copper side, as 
well as a wire link for the emitter of Q10. On the component 
side there are two links. 

For a stereo version, the power supply capacity must be 
increased. TR] = 225VA, BRI = B80C8000, C14,15 = 
10000pu, C16,17 = 2200. 


Preliminary Adjustments 

a) Insert a milliammeter in the V1+ line between power 
supply and amplifier. Turn RV2 fully anti-clockwise, then 
switch on power and adjust RV2 for a quiescent current of 
60mA. 

b) Measure the voltage on the output. If everything is 
correct, this voltage will be below 20mV. 

c) Adjust RV1 for equal currents in Q] and Q2: connect 
a 10 or 20M FETVOM or a digital meter across R6 through 
a 10k resistor, connected to the collector end of R6 (to avoid 
unwanted oscillations) and turn RV1 until you read between 
1,3 and 1.4V. 


NN A Dr 
VS 
anon ddd snse—sas 


Yr 


XT/AT PC 


PARTS LIST 
Resistors (0.3W 1%) Capacitors (ceramic) 
C7 18p 

1000p 

2200u'16V 

470p6V 

47,6V (low leakage or 

tantalum) 

4700W50V 
C1617 1000p/50V 


Semiconductors 
1N4148 
12V Zener 
3V9 Zener 
BC550C 
BF245A 
Resistors (1W 5%) BC560C 
R5,15 6k8 BD140 
R19,20 2x 1R each BD139 
R21 8R2 BDT65 
BDT64 
Capacitors (MKM) 
C1 680n Miscellaneous 
1n TRI Transformer 120VA 2 x 30V 
470n Bridge rectifier 80V, 5A 
100n 
2 heatsinks 3.2°C/W or less 
(KL 107/37.5 or similar) 


d) A final remark: the amplifier has been designed for an 
8R load. Higher loads will give less power output, but lower 
loads may cause damage to the amplifier, due to overheating 
of the output transistors, in case of continuous full power 
operation. 
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Home 


Minder 


Bob Noyes deters the 
burglars with his 
house minder 


educing the risk of break-ins was a topic raised at 

a Neighbourhood Watch talk which | attended 

recently. A lot of house break-ins are of an oppor- 

tunistic nature, where someone walks around in 
the evening passing the same houses several times, looking 
for those either in total darkness or with a landing or hall light 
on only. 

Such houses are singled out as potential targets because 
their owners are almost certainly out. Although a burglar 
alarm can be fitted and is expected to be set off when the 
house is broken into, there is always the feeling that someone 
has been in your home and may well have done major damage 
during entry. Far better to discourage burglars from attempt- 
ing to break in in the first place, by making your home appear 
to be buzzing with activity. 

All this seemed pretty obvious and what was needed was 
something that would switch lights on and offina controlled 


fashion, suggesting to the casual passer by that the house was 
occupied, Single channel timed light switches are readily 
available, but on the whole these turn on and off once per 24 
hours - not really giving the appearance of normality. Several 
of these could be used in different rooms to give a more 
realistic effect, but all require suitable table or standard 
lamps and all the clocks require setting up. This means 
leaving maybe four or five time clocks running all day and all 
night and even then they would all have to have their lights 
activated when required - altogether an impracticable solu- 
tion when you’re in a hurry to go out. 

What was needed was a custom designed unit that only 
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required one switch to be 
activated once installed and set up. It would 
need to be crystal controlled for long term accuracy and have 
battery back up for accurate time keeping, even ina power cut, 
because if the clock stopped and restarted, the lights would 
come on late depending on the length of the power cut. It must 
have asummer and winter set of commands because lights are 
switched on earlier in the winter and stay on longer in the 
mornings than in the summer, The ‘program’ would have to 
be able to be tailor made to the type of building and family it 
served. In all quite a tall order, but Home Minder achieves all 
this - and for a very affordable price, considering the peace of 
mind given when either going out for the evening or away on 
holiday for a couple of weeks. 

Unfortunately, no guarantees can ever be given, no matter 
what security measures are undertaken, that a break-in will 
not occur but I can say quite confidently that with Home 
Minder installed and working, a break-in is far less likely 
when the house is unattended. With the music channel on as 
well, even in the early evening before lighting up time, the 
house would have the feeling of being occupied. 


How It Is 

The principle of operation is basically a crystal controlled 
clock that gives a pulse every minute. This is fed to a counter 
that recycles every 24 hours or 1440 minutes. From between 
4pm and 9am, every minute can be individually programmed 
to switch up to seven different electrical circuits in any 
combination and in any order, the object being to switch 
lights on and offin a controlled manner to give the impression 
of someone being in. Here’s the idea. The outside light comes 
on just before dusk, followed later by the front room light. 
Music can be switched on and off during the evening as can 
the bedroom and toilet lights. The music and front room 
lights are turned off first and the bedroom and toilet lights are 
turned on at bedtime. These are then turned off in due course 
imitating the normal routine of the house. These instructions 
as to which lights are on or off and when they are turned on 
and off are held in a program of an EPROM. The one used 
here is a 2716 - although small in capacity in modern terms 
of Megabits, its 2048 bytes are capable of storing two 
programs, one for winter, the other for summer, selected on 
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Fig.1 Main control board circuit 
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HOW IT WORKS 

A crystal oscillator of 4.194304MHz is built around IC1, a CMOS 
4521 This IC contains most of the oscillator circuit and the dividers 
Necessary to produce a 0.25Hz output at pin 1, ie. 4.194304MHz 
divided by 2 twenty-four times gives a frequency of 0.25Hz. Also Q18, 
a 16Hz signal is taken from pin 10 - this is used to test the program in 
fast mode (see later in the text). The 0.25Hz is normally connected to 
a divide by 15 circuit built around IC2, a CMOS 4029. The 4029 counts 
in binary and would.normally reset at 16, but by the addition of D4, DS, 
D6, D7 and R77 it now resets at 15. The effect of a 0.25Hz signal divided 
by 15 is to produce a pulse every minute. This is taken from the carry 
out pin 7. None of the jam inputs are required so they are all grounded. 
The carry in pin 5 is always enabled so is grounded. A ‘1’ on pin 10 
causes it to count up, while a '1' on pin 9 makes the 4029 count in binary. 

The pulse every minute is counted by IC3, a CMOS 4040, a 12 bit 
binary counter. Normally, this would count to 4096 before starting again 
from zero, but with the addition of D9, D10, 011, D12 and Rg it resets 
after 1440, the number of minutes in a day: 60 0024 = 1440, This is done 
by taking 


Q6 32 count Pin 2 
Q8 128 count Pin 13 
Q9 256 count Pin 12 
Q11 1024 count Pin 15 
s 1440 count 


and forming an AND gate, so when Q6, 8, Q9, Q11 are all high, 
the reset goes high, via the pull up R9. The switch that connects the 
common point of the diodes to the reset should be of the normally closed 
type. In order to synchronise and zero at 4pm, the ‘zero’ switch is 
normally pressed at 4pm. Then, assuming the Home Minder is not 
tumed off, the counter will recycle and zero at 4pm every day automati- 
Cally - even if the outputs are disabled. 

if the mains fails, the crystal oscillator and counters remain working 
via the battery back up. When the mains fails, the -15V stops causing 
the regulator to be starved of power. The 5V +0.7 due to D2 no longer 
appears at the output of the regulator. D8 now becomes forward biased 
allowing the battery supply 4.8 nominal voltage - 0.7 across D8 to supply 
the board and being CMOS, this is enough to maintain correct operation 
of the circuit. For the duration _ fe er failure, the EPROM is 
disabled via Q1 causing CE to be pulled high by R12, 
normally the 57V suppl used via RS R13 to tun on Q1 keeping CE 
low and hence the EPROM working. Removing CE considerably 
reduces the power consumption while on battery back up, allowing for 
even the longest power cut not to affect the overall timing (of course the 
outputs will not operate, but with no mains the dea would not work 
anyway). 

When a circuit containing a battery back up Aen is switched off 
deliberately, it must be remembered that not only the mains must be 
switched off, but the battery line must also be switched or all that will 
happen is that the batteries will take over and eventually run down 
because they are no longer being trickle charged. 


Up to seven channels are programmable but without 
Channel 8 being used as the time test, this could be increased 
to 8. An extra relay is required and is connected like the 
others on the output of the Darlington driver pin 11. Diodes 
have been connected across the coils of the relays although 
this is not strictly needed because the Darlingtons have built 
in diodes but too many precautions are better than too few. 

In practice we have found six channels quite enough to 
simulate the average family house - with too many lights 
flashing it more resembles a Christmas tree than a house. 

Relays were chosen as the output switching devices as 
these can switch any voltage AC or DC. Fuses are fitted as 
standard on all channels for safety. 

Opto triacs controlling power triacs could have been used 
instead of relays, but this would require a different PCB. The 


ETI OCTOBER 1993 


The 2716 EPROM only has 2048 memory addresses and, as stated 
there are 1440 minutes in a day and two programs would normally 
require 1440 x 2 = 2880 addresses. This problem is overcome by not 
connecting A10 on the EPROM to the counter Q11, but to a ‘Winter/ 
Summer’ switch. This means that addresses 0 - 1023 are used for the 
winter program and 1024 - 2047 for the summer program. The Q11 
(1024) output from the counter !C3 is connected to the OE output enable 
of the EPROM. This means that from count 1024 to 1440, the outputs 
from the EPROM are disabled but as this happens at 9.04am, no lights 
would normally be on in either winter or summer, so this has no 
detrimental effect and allows a 2716 EPROM to be used. These are 
regarded as old hat nowadays and hence are inexpensive and quicker 
to program. A 2732 could have been used as it has 4096 addresses or 
memory locations, but the programs would have been twice. as long, 
and for those people without an automatic EPROM programmer, it is a 
lot of switches to activate to make the program normally (4096 oo 12 
address co 8 data combinations), as all the addresses should be 
programmed even if they are not used in the actual program. 

When the Home Minder is not required on a day to day basis, the 
CE chip enable is used to disable the outputs but the counter and 
oscillator are kept running. To activate Home Minder, assuming it has 
been left on - i.e. zeroed at 4pm and left powered up, but disabled by the 
‘activate/deactivate’ switch - just flick the switch to ‘activate’ and it's as 
simple as that. The outputs from the EPROM are now fed to the 
Darlington drivers in IC5 on the relay board between (4pm and 9am) 
which in tum switch the various circuits according to the program. The 
‘activate’ switch can be switched on or off at any time, day or night. It 
has possibly crossed your mind as to why Home Minder is zeroed at 
4pm. Well each of the two programs are 1023 minutes, long or 17 hours 
3 minutes. In order to cover the evening, night and early moming for full 
winter coverage within this 17 hour band, all lights should be off by 9am 
so working back 17 hours comes to 4pm. In order to start the winter and 
summer programs at the same time, 4pm was chosen. 

Channel 8 is used as a test signal, which flashes on for one minute 
every hour. If it comes on, on the hour you could never be sure which 
hour it was set to, because having a full clock display showing the time 
would have added to the complexity and cost when normally it is out of 
sight anyway. So, the test signal appears four minutes past four five 
minutes past five, six minutes past six and so on. so a simple check can 
be made that it is in step with the correct time. This test light does not 
work during Sam - 4pm because it works off Channel 8 which is disabled 
by OE after a count of 1024, but it is present between 4.04pm and 
8.08am. 

When ‘Home Minder has been on for several days it may be noticed 
that it is gaining or losing a few seconds a day. this can be confirmed 
by timing the test light from one day to the next using a good digital watch 
with a seconds display. Trimmer T1 on the oscillator can be adjusted to 
improve the accuracy. To start with, the trimmer is set to half way, at 
around 10p. This in parallel with the 10p C2 is the optimum value for the 
oscillator but a slight tweak may be necessary to improve matters. 


triacs should be fitted with small heatsinks. Isolated tab 
triacs should always be used as this reduces the amount of 
live metalwork, since the tab of a normal triac is connected 
to the output pin. Great care must be taken as they remain live 
at all times because power to them is brought in from the 
circuit being switched and not that supplied by the Home 
Minder via its mains supply. Fuses should still be used for 
ultimate safety on each channel, as for the relays. 

Great care should also be taken when connecting up the 
outputs of the relays to the house lighting circuit. A diagram 
of a conventional lighting circuit is shown. This is a simple 
one switch circuit, the relay contacts are wired in parallel 
with the wall switch, Never get at the wires via the wall 
switch, always make the connections well out of the reach of 
everyone. Don’t be surprised if the mains return is the side 


that is switched. This is why a common live ts not used in the 
circuit, but each output is completely independent of any of 
the others. 

Again, it must be stressed that once connected the relay 
terminals and fuses remain live even if the Home Minder is 
unplugged from its mains supply, because the power is 
supplied all the time to the live side of the wall switch, or in 
our case, relay contacts. To connect into the lighting circuit, 
the mains master switch should be switched off - do not just 
remove the lighting fuse. : 

The relay contacts are intended to bypass the normal on/ 
off switch on the wall to the light. They should not be used 
for two switch circuits normally found in halls/landings 
where the light can be turned on or off by either switch. There 
is no easy, safe way of connecting the relay contacts into this 
type of circuit (see diagram). In such cases another light 
should be wired up and run independently from the original 
light (as shown in the diagram). If you are in any doubt, 
contact a qualified electrician. 

In our case, most of the wires were easily located in the 
loft for the upstairs and the front room was wired through a 
new cable to a wall socket which was activated by the relay, 
causing a standard lamp to come on. 

Home Minder is mounted on the top shelf of the wardrobe 
and the wires connected up into the loft and on to the various 
lighting circuits. Each one was wired inside a covered 5A 
connector box - this means that there are no live wires 
exposed or odd pieces of connector block lying around in the 
loft. The connections that plug into the relay board are female 
types, so there are never live, unprotected pins, The pins are i 
on the relay board (unpowered side) and even then, they are [ 
covered, Safety is vital in all aspects of mains wiring and no ! 
short cuts or economies with safety should ever be taken - if 
in any doubt at all seek expert advice. 

When using Home Minder, neighbours and close trusted 
friends should be informed of its use if you're out or away, as : 
they may call the Police thinking you have squatters - the } 
effect is that real. 

A full program listing is available for the running order to 
see if the program is suitable - even if it is not used in its 
entirety, at least it shows what is possible. The channels 
chosen - and their functions - can be changed to suit so long 
as the program is made accordingly. The music channel in our 
case switches a battery operated transistor radio tuned to 
Radio 2. It is not advisable to leave a television set running 
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ez 
8 é 5 ef unattended and I would strongly dissuade anyone from doing 
so, although a mains radio would be OK. 
A Test For Speed 
From the interconnections diagram it can be seen that I 
Q18 from the 4521 is brought out to a switch, ‘Test/Normal’. k 


This function allows the program to be run roughly sixty 
times faster than normal. The complete program can be run 
in this mode to test that everything is OK. It will show up 
things like all the channels coming on together because one E 
location has not been programmed or if the EPROM is faulty. | 
Although at this speed it still takes nearly half an hour to run 
a program, running it any faster it is hard to equate quite what | 
is happening at any particular time. The Test/Normal switch 
can be mounted inside the Home Minder so that it’s not b 
accidentally switched during normal use. Once tested and 
proved OK, the zero button will still need to be pressed at 
4pm because the counter will be out of step after running at 


Fig.2 Relay Driver board circuit 
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Fig.3 Component overlay for Main control board 


the higher speed. The battery back up power switch can also 
be mounted inside the box so that it’s not accidentally turned 
off. 


Casing The Joints 

Because of the physical size of this project, buying a 
suitable case to mount it in could cost a small fortune, so a 
home-made box was used instead. This was made out of 10- 
12 mm MDF (medium density fibreboard). It is a very 
easy material to work with as it has no grain or knots, Four 
pieces should be cut as per the drawing, although their 
exact sizes are not critical so long as they are compatible 
with each otherand everything fits inside, leaving enough 
room for the wiring. 

The front and back panels are made out of 16 swg 
aluminium sheet cut to size to fit inside the box, indented 
by 10mm to give a pleasing effect. They are mounted on 
a ledge of 12mm wide MDF - this, as well as forming a 
ledge front and back for mounting the panels, also adds to 
the strength of the box. All the MDF parts are glued using 
Evostik W resin glue rather than screws. This saves a lot 
of work filling over screw heads when finishing off. The 
front and back aluminium panels are drilled - a suggested 
front panel layout is given but this is not critical. The switch 
holes must suit the type of switches used, so only their centres 
are shown in the layout. Round hole mounted switches are a 
lot easier than oblong ones, unless you happen to have an 
oblong drill! 

The panels can then be assembled and wired. A small 
bracket can be made to take the two internal switches 
(‘Battery’ and ‘Fast/Normal’) and should be mounted well 
away from the relay board so that the live mains on the fuses 
don’t prove a problem if these switches are activated. It must 
be remembered that both the front and back panel must be 
earthed, as must the chassis of the mains transformer. 

The PCBs are mounted on stand-off pillars. The main 
control board is screwed onto these pillars to lift the trackside 
of the board off the base of the case. Check that these screws 


* SET TRIMMER CV1 TO MIDDLE TO START 
THEN ADJUST TO CALIBRATE 24 HR CYCLE 
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are not too long and don’t come out through the bottom of the 
case. The transformer is screwed down - a small piece of 
MDF can be glued to the base of the box inside to mount the 
transformer, which will enable longer screws to be used for 
holding it down. 

The relay board is bolted to the rear panel, again on stand- 
off pillars. These should be at least 10mm long to keep the 
live connections of the track side of the relay board well away 


from the rear panel. 

The PCBs should have been fully tested before they are 
mounted - so a final check can be made that the relays and 
LEDs come on as expected. Before the lighting connections 
are made, the master mains switch should be turned off. The 
cables that come in through the back panel should do so 
through grommets to protect them from the sharp metal edges 
of the rear panel. As each of the lighting wires is added, it 
should be clearly marked with a label. A drawing should also 
be made as to which fuse and relay switch is which. This is 
helpful in years to come if a fault should occur or modifica- 
tions are made to the wiring of the house. So often, something 
that seems obvious at the time seems anything but much 
later. The unit is then left on for a few hours and tests made 
to check there is no heat build up. It is now ready to be zeroed 


Fig.4 Component overlay for Relay board 
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at 4pm and started using the ‘Activate/Deactivate’ switch. 
Other Ideas 

1, By connecting Al0 ofthe EPROM to Q11 ofthe counter 
IC3 and disconnecting the connection from QI1 on the 
counter [C3 to the EPROM OE and grounding OE on the 
EPROM, one full 24 hour program can be run which recycles 
every 1440 minutes or 24 hours. This has been used in a toy 
shop window display, to switch on and off various electrical 
toys, including 3 electric trains in every combination, The 
zero button can be pressed at various times so that different 
parts of the program are played at different times during the 
day and evening when people are passing. 

2. Another idea put forward but not tried is that the unit 
is used in fast speed, the Test rather than the Normal is 
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3.5mm FOR M3 MOUNTING BOLT 


THE RELAY CONTACTS (VLA THE FUSE AND PLUG AND 
SOCKET) ARE CONNECTED ACROSS THE WALL SWITCH 
WIRES BUT DO NOT CONNECT AT THE WALL SWITCH 


Fig.5 Mains lighting circuits 


selected, and a robotic type toy can be programmed to move 
in time segments, i.e. 4 seconds forward, 2 seconds right, 7 left 
and so on. Here, the 16Hz divided by 15 gives slightly longer 
than one second time intervals, but by removing D4, D5, D6, 
D7, R7 and grounding pin 1 of IC2, 1C2 now divides by 16. 
16Hz from IC1 pin 10 divided by 16 in IC2 should produce a 
1Hz pulse to the counter, advancing the program one step 
every second. The relay contacts are then used to switch the 
motors on the model causing it to follow the program. 

By bringing out the major control signals to sockets, any 
number of options are available. Obviously, for both of these 
off shoot ideas, the program listing given will not be suitable. 
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Fig.5 Board interconnections 
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HALL LANDING LIGHT CIRCUIT BULB CAN BE SWITCHED ON 
OR OFF FROM EITHER SWITCH (THE CIRCUIT MAY DIFFER 

BUT THE PRINCIPLE REMAINS THE SAME). 

THERE IS NO SAFE WAY OF CONNECTING INTO THIS TYPE OF CIRCUIT. 
WIRE ANOTHER BULB AND CONNECT AS BELOW. 


Important Note 

When buying components for this project it must be 
remembered that this circuit may well be switched on and left 
on for a very long time, so the components used should be of 
good quality and not reclaimed from other projects. 

The mains transformer and smoothing capacitor should be 
new and from a reputable source. Some cheap transformers 
can get extremely hot when left on for any length of time and 
these should be avoided at all costs. Only use known dealers 
and suppliers for any of the major items. 

The relays used are 12V coil with contacts that can switch 
10A witha single pole change over contacts from Electromail. 
If any others are used it will pay to check that they fit the PCB 
before buying them. Several look the same but closer inspec- 
tion shows their pin outs differ slightly. 

The value of the fuses depends upon the circuit being 
switched, but 2.5A slow blow 1-1/4in should be sufficient in 
most cases. A slow blow type is recommended as there is an 
initial current surge when a light bulb is illuminated. 

I can supply pre-recorded 2716 EPROMs with the sum- 


mer and winter programs for £17.50 including postage and 
packing, but payment must be with order and in the form ofa 
postal order or cheque made payable to Bob Noyes at the 
address below. Custom programs can be made, but their cost 
depends upon complexity, so write giving the listings and I 
can quote a price. Write to me at 13 Bowfell Close, Tilehurst, 
Reading, Berks. RG3 6QR. 

A list of programming Hex codes for Summer and Winter 
are available by sending an SAE to the editor at the ETI 
offices. 


PARTS LIST 
RESISTORS CAPACITORS 
82p 
10p 
10025V 
-  2pel25V 
4k7 10v25V 
R6,7,9 10k 4700p25V 
R10,13,15 = 10k 
R16,17,18,19 1k 
R20,21,22,23 1k 


SEMICONDUCTORS 
4621 
4029 
4040 
2716 Programmed EPROM 
2803A 
BC107 
7805 
1N4001 


013,14 1N5401 
8 0.2in Red LEDs 


MISCELLANEOUS 

7 PCB straight headers 0.1in 10 way 

7 Housings for above 

1 pack of crimps for housings 

Mains connector plugs on relay board 

7 Horizontal PCB headers - 2 way 

7 plugs for above - 2 way 

7 Fuses 1 1/4in 2.54 slow blow 

14 Fuse PCB holders (one each end) 

7 Relays 12V DC coil SPCD 

1 22p min trimmer 

1 crystal 4.194304MHz 

1 18 pin IC holder 

1 16 pin IC holder 

1 24 pin holder 

1 Box to suit application 

3 Single pole on/off switches, style to suit 
1 Single pole 2 way switches, style to suit 
1 Press button N/C contacts, style to suit 
1 12-0-12V 20 VA transformer 

2 PCB 1 x Main board, 1 x Relay board 
4 1.2V AA rechargeable NJ cad batteries 
1 4AA battery holder 

1 Connector for above 

8 Stand-off pillars to suit, 10 mm long 


Enclosed electrical connectors (lighting style), number to suit 
Wire, mains plug, cable to suit application Heatsink, see layout. Size 
unimportant as 7805 does not get hot - used as a precaution - but the 
larger the better so long as it can be mounted securely. 
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E93010-Z —_ Electronic Picture ...scccoccseceserosssosssatcseness tensive NE 
ESSOLOD See EK, sesiveacsvensercereniosscrssnintenenssaivinsnvrecenisnionesessiuereniatatenmiatverannteanasanasnensd 
ESS0I0-4 ««-"- Tramsister Arp (2 Boars) .sissscecccorisspscssccensicercsinrintvrestsstsesiarensevsieonvesees 


N 
ESSO1G-S Home Minder (2 Boards) siscsisscsccccssscsssssccscrssrsecsscivsssssssccacsesssvesivcecsovesiees 
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PCBs for the remaining projects are available from the companies listed in Buylines. 

Use the form ora photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference numbers. This not only identifies the board 
but also tells you when the project was published. The first two numbers are the year, the next two are the month. 

Terms are strictly payment with order, We cannot accept official orders but we can supply a proforma invoice if required. 

Such orders will not be processed until payment is received. 


“1 Price Price 
- | code (ine. 
7 VAT) 
£1.80 
£2.50 
£3.25 


£4.00 
£4.75 
£5.50 
£6.62 
£7.20 
£8.80 
£10.60 
£13.10 
£15.80 | 
£17.90 | x E9207-1 Improved Rear Bike Lamp ...............cccessseseeeeenseeeeeeee 
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D E9210-3  Heartbeat/Audio Listener 0.0... ceeeeeeseeceeansestseeneeeees E 
£21.80 | 9207-2 Mini Baby Bug Monitor............... eC  -E9210-FC Wizards Hat... sae 
£23.90 [| E9207-3 Ultrasonic Audio Sender (2 boards) . ..H —-_E9211-1 Electronic Die.. BE 
£25.90 |. E9207-4 Camera Add-on unit (4 boards) ............ .O E9211-FC Car Alarm............... wa EF 
£29.00 | —_E9207-5_ AutoMate 5V/48V Mixer powersupply .. anced E9212-1 Digital Circuit Tester ............ eh 
£32.20 FO E9207-6 AutoMate Precision 17V iis a one E9212-2 Communications Link si RS232.. aor 
£35.80 F. £9207-FC Surround Sound Decoder ......... re E9212-FC Mains Inverter ............cc00 ive 
£37.90 | E9208-1 Dynamic Noise Limiter.............-....... .-F _E9301-2 Fading Festoonery ... G 
£40.70 | E9208-2 Touch Controlled Intercom (2 boards) . «=H E9301-FC InfraRed Receiver ..................5 eal 

a E9208-3 MIDI Keyboard ........... ce csseseenenee m~ E9302-1 EPROM Programmer (2 Sided) ww N 

E9208-FC Battery charger .............. ..F — _E9302-2 Sound to MIDI Board. oo 

E9209-1 Intercom for light aircraft iad E9302-3 Puddle Tec .............-. ces a 

E9209-2 Alarmprotector .............. at £9302-4 DiscoAmiga Light Selector vin Hl 

E9209-3 Temperaturecontroller ... .M E9302-FC Infra Red Transmitter ........ vel 

E9209-FC 45W Hybrid power amp ..........000ee ey E9303-1 Ni-Cd Battery Charger .. a - 

E9210-1 Universal 1/O Interface for PC (2 Sided) . N B9ZO3=2, AC TSO sacs sss sescssarvicgcasnsessnsteaee rem 3} 

E2910-2 Rapid Fuse Checker ........c...ceesseccsssessseseeesseseneeseeeeeees E E9303-3 Disco Amiga(motor driver board) ... coo kd 

E9303-4 Direct Conversion Reciever (2 Sided) . aN 

E9303-FC LED Stoboscope .............. cen 

: 1 ETI PCB Service, Reader’s Services, Argus House, | E9304-1 Solo Mic Pre-Amplifier .. onkt 
2 Boundary Way, Hemel Hempstead HP2 7ST E9304-2 Multimate Tester ........ me: 
d I E9304-3 TheKeepsafe Alarm “week 
a | | E9304-4 Proving Unit 0.0.0.0... ae 
i i E9304-5 Infra Guide Receiver Module me © 
ee Price Code | Price £9304-6 Infra Guide Transmitter ............ Wn 
| [| —-£9304-FC (AutoMate) Peak Program Meter .. me 
r £ J £9305-1 Pentacode Main Board ..... ae 
a E9305-2 Pentacode Relay Board .. ek 
: £ | £9305-4 Vibration Detector ..... .D 
1 | E9305-FC The Fuzztone .......... xcs 

: £ E9306-1 Graphic Equaliser ... uF 
: | HP £9306-2 Super Spooker..-scsccseonen H 
| Post & Packing J £9306-3 Middle & Side Stereo Coding  : 
We ESIOG=BC THe CHR sc sscassauisoncshcodstictoguenneracnsnastissanennasianveiuests F 
| Total Enclosed I £9307-1 Car Battery Tester (Double Sided - Surface Mount) ..... E 
| Please send my PCBs to ~ Jf 9307-2 Mind Trainer —....ssessyssscesssssecsssepreseneresscecceseeresnsssssoes F 
Jy Name «cesses apitvlcesas slaiicolaei shins econ eerste deeepionanan mipeanciit |. See eee ee es wo F 
z= E9308-1 Window Monitor (4 Boards) . eK 
| Address................ aeenccuseanebia abviedatec dcutubapsncaesdcccaugaedaxdeacivsxpepyeiuusutee eanensecse | E9308-2 Alternative !2V Supply .... .M 
‘ 1 i E9308-3 Single Channel Lumitec Oe 7 
aaawaseuweacninnnceestontseetuipsttenaivextunventaNA sun ge dua Wank racanusamsenbabausieecrnatsvabmueesate 9308-4 FourChannel Lumitec ... a 

sh dasnstmste cade eaicacoute dbawsaeahesiccdstabosbosesece POSECOE ......cccssecssesseesssseseeres | E9308-FC Twi-light Zone ........... wa F 

4 E9309-1 RF Signal Generator .......... a 

E9309-2 MIDI Analyser CPU Board ... wK 

CHEQUES SHOULD BE MADE PAYABLE TO ASP 3 E9309-3 MIDI Analyser Display Board .. ae 

FEDSOD AF MEET RICHTIG iii cays aces exessecsanccspanersansecnscnsiexecuen pednnqaterevnd G 
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PCB Foils 


The PCB foil patterns presented here are 
intended as a guide only. They can be used 
as a template when using tape and transfer 


for the creation of a foil. —— 3 


Hot Wire Cutter 
_ 


Home Minder 


ETI OCTOBER 1993 


Transistor Amplifier Power Supply 


Transistor Amplifier 


ETI OCTOBER 1993 


BS 5750 
Part 2 1987 
Level B: 
maees0 
on sale now, only £2.95 


Over 700 colour packed pages with hundrec 
of brand New Products at Super Low Price: 
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